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ADVERTISEMENT. 



Should health and circumstances per* 
mit, it is my intention to publish a Se- 
ries of Essays, all of a practical nature, 
on Millwork and other Machinery, each 
forming a whole in itself; at the same 
time there will be a natural connexion^ 
so that each Essay may again be consi- 
dered as part of a General System. 
What I have already published on the 
Teeth of Wheels, I shall consider as the 
first of the Series. 
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PREFACE. 



It is my wish to make these Essays 
useful to operative Mechanics, and to 
save Engineers and Managers of Manu* 
factories the trouble of much explanation 
in giving directions to foremen and 
others, who are to carry their ideas into ' 
effect. They will, I hope, give such 
workmen some notion of the principles 
on which their work should be con- 
ducted; and, however much some of 
them may be disposed to ridicule theory, 
yet it has always been fo^nd that Ma- 
chinery erected upon ^rue principles, is 
ultimately the most economical. 

Although I have endeavoured to adapt 
the style of these Essays to the compre- 
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hension of merely operative Mechanics, 
I trust that men of science will not jdeem 
them entirely below their notice, those 
at least whose situation has precluded 
them from actual praqtice. 

Persons of this description I have 
known in great. difficulty, from want of 
kiformation aboiitt conftrivances/Whith iire 
^rtniKar to every Millwright. Nor lis % 
di!fB4[^uU to account for this, , for Hberfe f» 
hardly a'by thing to be ^found ^ifi bod]f9 

-ffith regard to many of thfc si^jedtii df 

' ^ 

thew Essays. As the paa;h theh-is'^a!* 
nost new and itii^trodderi, I hope toi]^e«t 
with indulgence from the Public. 

The following extract from a respwrt^ 
able Periodical Publication, appeared to 
me so applicable to the subjects of thes^e 
papers, that I h^e tak^en the liberty of 
transcribing it* 

* Edcotie B«Tiev, Dee. 1808. Art. Xtf.' 
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« 

^ A eoAiMirif ii^ which MaEdfiietafeft 
are ^xiensively establislied, and (eon^ 
ducted wiAh 9pmty as m Britaiti, becomes 
by degr^eies a ooiuQitry of Madbionerif; 
. Edr inventions to diminishL tbe qmantitjr 
of human . Jiabour onrployed mil '. ibe 
more ingenious iin construction, mora 
powerfnl dn operation, and of moitf 
general u£t€b: '^^ proportion to the^ 
neoessitj of famishing a grear^er 
quantity of 'Commodities at moderate 
and equable pribes. The bodily exer- 
tions of workmen in whatever branch 
of labour have their limits, and excra^: 
sive efforts, if unduly iprolohged, irre- 
mediably destroy the he4^h -and vigour 
of those who punue them* But huh 
chines mfiy be coutinued in activity liay 
and night, week after wieek, and: month 
after month; haying in themselves no 
life, which stfffers a seftjdbile consoirtp- 
tion, no principle -of activity wboi^ >eji«* 
ergy requires a pause to effect iti wco^ 
rery or renovation* • 
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" We have seen the Manufactures of 
our own country solicit the aid of every 
hand that could be spared from its Agri- 
culture, and seek in distant lands for 
labourers of every age to supply the 
mill or to throw the shuttle. We have 
seen ingenuity exerted to its utmost, 
to contrive and to construct those ma- 
chines which these labourers were to 
superintend and assist. We remember 
the time when these constructions were 
the dread and the hatred of the Manu- 
facturers, but we believe the most ig- 
norant workman of the present day ac- 
knowledges their utility, and would with 
difficulty be induced to relinquish that 
very implement which his father or 
grandfather would have gladly com- 
mitted to the flames. 



*' Considering then the importance of 
Machines to shorten labour, and the 
number of persons who are interested in 
them, as proprietors, as Inventors, or as 
constructors, it is wonderful that so little 
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1 hitherto been communicated on this 
subject by the medium of the Press. 

" The process towards perfection in 
complicated Machinery is perhaps too 
generally the reverse of what might be 
expected. When practice has shown the 
importance of a machine, science takes 
it up, investigates its principles, analyses 
its movements, and connects them by 
the assistance of Mathematical preci- 
sion. 

" Mathematicians are seldom inven- 
tors, and workmen are rarely men of 
science, yet the mutual assistance of 
study and practice is necessary, to per- 
fect the subject which each is intent on 
improving." It is my aim then, to come 
between these two classes, and to make 
them better acquainted and more useful 
to each other. How far I have suc- 
ceeded in the attempt must be left to 
the determination of time. 
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In commoh^ with all writers tm tami^ 
Jar subjects, I have experienced <)oqsk - 
durable difficulty to find precise techni- 
eal words to express the different parts of 
Millwoi^. Hiose which are trscd ferf ^ 
Millwrights in different - districts being 
veiy different fixMh each oth^. I' 
hope, however, that the explanations,' 
which I have given of the terttfs, t^ill* 
make them sufficiently clear. 

With regard to this particular ^sik^ 
on the Shafts of Mills, I have treated 
the subject in a manner flrirailar to that 
which I followed in tlie first fiway^ in 
the Inquiry into tkne Sh-^^gth ahd Dura* 
bilrty of the Teeth of W?iee!s. For flje 
reasons then given, p. 104, I have not 
entered into tfie demonsitations of the 
elementary propositions which serve t6' 
guide in the Inquiry. I *hkv^ been ttt 
pains to cotlect and ^rratig* facts re- 
specting Gudgeon^ :*nrd Dortrfndfs in^- 
tual use, upon wtmih to gmmid eaffcdla^ 



FUBFACB. IS 

ttoiiB. 1 1 TUii (netbod I 4iCNBsi(Uf as 'Iffiin^ 
muok imore c&rtma ihaa grmmdarngt eai^ 
culationj^ ^ iwuhttMcxpH^riBieidri tma« 
on the cohesive strength of mate- 
rials. These/. hbVeif^ \l*)aoQ£BQB:4!d>be 
of great value, and in some cases I have 
endeavoure4 to apply them. I hope 
that the various Tables which I have 
given in the course of the Essaj^ will 
be of great use to the Millwright in 
finding without trouble the sizes of 
Gudgeons and Journals for any case that 
may occur in practice, and that the 
principles on which they are formed are 
laid down in so plain a manner that he 
will easily understand and apply them. 
These Tables may be considered as cer^ 
tain great lines drawn to guide the Mill- 
wright in his work, and even allowing 
they may not be absolutely true, may 
find from experience how near they 
may be approached with safety. 

I take this opportunity of acknow« 
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ledgtfag.; the: advantage whicB on this^ 
as OQ fwmer occasions, I have derived 

IromitkB assistance of my fri^uls. 

• ■ •» ... ' . . ' 

I. . ,\ .... 

Qhttgcmr 10<ft Dec. 1808. 
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To proportion the diameters' of axie^^ 
to the stress they have to bear, is in Mill* 
work of great practi(ial «mportance« 
On the one hand, if the Shafts be made 
too weak, it is evident thej must soon 
give way ; and on the other hand, if 
made too strong, they occasion not only* 
unnecessary expense in the construction^ 
of the machinery, but what is in most 
cases still worse, a waste of power from- 
unnecessary friction • It is therefore de- 
sirable, that the Millwright should havo 
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some rules to guide him in this very im- 
portant part of his business ; a part 
which I believe, has hitherto, in most 
cases been conducted ihtirely at ran- 
dom. 




Ess«/,^6 ^^v& ^ch w pf rfefi^a 

the subject ascdbattefi^^ die Millwright 

to proceed with grteater certainty. 

Until of late years most of the Shafts 
used in Millwoi^k were constructed of 
tastJbvei';;; Tj^ieuaeof cast-inoq Jq this and 
Qihtt ptii:ts..p£ MiUwork^ bQwe.i(^r^ ;^^ 
o^Wfilpi^etfML almost u«iversai Fortbia 
i«lfurflv€»»eat we fure perhaps ipdql^tje^ 
Iw^.thosewhawi^e engaged iit the^ Cottpja 
Manii£i)«itufe*) Af^r Ark.)Kright'& invenr 
ti<M»^ jLb bf^^i^eagreat otyect M^ith tkemj 
i» 4av'e time in the erectjon of Machi- 

• it. 

nefy, ^nd toTendev it. asduijaJpIe a3 possi- 
ble ; for ev&ry stoppage was-attended with 
great loss, by throwing idJ^ the numbers 
of peofile. Aeoessary in Cotton Mills 
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■ Bttjidesstbe ex|>ense' attending^ the te-^ 
pair^ what had- perhaps still 'morejWei^t - 
^th tiiem'- was^ that -the profits at^that 
period on Cotton Spinning, were ahnos^ 
unparalleled in any other branch of ma 
nufacture: 

AqQther* circumstance which' tended 
very much to the advancement of Mill- 
work, arose from Mr. Watt's improve- 
ment of the Stieam Engine. This en- 
abled Cotton-spinners and other manu- 
facturers who required power to work, 
their machinery to carry on their busi- 
ness in towns. Hence power and peo- 
ple might, without trouble, be concen- 
trated on the most eligible spot, and the 
great expense and disadvantages avoided 
which are attendant on colonizing the 
remote situations in which powerful falls 
of water are commonly found. I shall 
not here enter into the question of 
health and morals ; but certainlv the 
unprecarious supply and steady exer- 
tions of suqh numerous hands, not only 
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retadered the people more expert ia all 
their operations, but tended very much 
to' the improvement of their machi* 
n0ry. 

The introduction of cast-irqn then 
may be consklered as a kind of new 
era in the history of Mills. Without 
the use of this material, it would not 
have been possible with the same num- 
ber of operative mechanics to have con- 
structed one tenth of the machinery 
which has of late years been erected in 
Great Britain. 
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CHAP. L 

JSLECTION I. ' . 

I • 

General pescripHon of Shafts, 

> . • ' • » 

_ 1. The axles used ih mill work are 

commoijly de&ominated, when of a larize 
^,>kaft>; thee Which are .m.Uer, a« 
Usually called qnndles. Thus, fpr ex- 
ample, we say the shaft of a water-wheel; 
the spindle which carries the millstone 
of a corn-mill.'. 

;-/'-. ^ - ■•■ . ■■ • ■• ■ • ;i 

2. When shafts lie in a horizontal di- 
rection, they are called Ij/ing or horizontal 
shafts; when vertical, they are termed 
upright^ or vertical shafts. 

3. Shafts arfe usually made (Sdrwoodrot 
of irbn. Larse wooden shafts are eetie- 
rally made eith^i* of so^d oak, dt are built 
of fir-logs. The scarcity of large oak 
occasioned the built shafts of fir to com^ 
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into more general use. The latest im- 
provement made on wooden shafts, was 
that of having what are called cross- 
tailed gudgeons.* Before that improve- 
ment, it was attended with very, great 
trouble arid expensfeV to keep the gud- 
geon^s from becoming loose in the shafts. 
Indeed, it' was found, iiripfacticabfe to 

keep them fast for apy considerable time. 

'. . .•■-■• ' * ■ * ■ ■ 

■ ■ - - • • . . 

■ ' ' '. ■ ■ • , 

4^ Fig* 1 represents a . wooden shaft, 

witH the gudgeons in, use previously ti? 

the last improvement! Tiiey are called 

laid in gudgeons. ABC is the gudgeon 

somewhat in the form of the letter T. 

One of the tails, C, ivas let into a mor- 

tice, apd the rest of tne gudjyreori siink . 

into its place in the centre of the shaft'. 

In order to accomplish this, it was ne- 

c^sary to cut 9ut the part, from B, to D, 

Fig. i, No, 2* After the gudgeon was 

Wld > its place, the yap^nt part was 






* The gu^eon is. the arbour or spiudle oq 

Ay * shaft' ttim4:- ' V*^- •;...' 



which 
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thcfShafff^of Mills. &1 

fiUe4,;up.-by t^e pif:^^ of wpod: ,W» 
JFJg, , 1, . iJo. , 1. ,The shaft , y^s. ._, tli^ 
hQoped,f,?M?.d },he epd pf ,itdr|v?ftjful^j^f 
>yedges» in order ,to,..%ten..,tjie,gju^(^eoix. 
TJtus! .gu^g^on is sb^wn , ji^ ; p^^ec^tiv^ 
Fig..l, liq. 3.. •,. ;■' 

-.•••..■. • • ■ ■ ■ ' . ■ . . 

I . • ."..■• I . 

. : ^.ifig. ^ tmpresmU a vop^cn shaft, 
with cross-tailed g)id|g60Ds; ; Thijs :]|^i|i^4 
of gudgeon is made of cast-iron, and 
being tjl^n iu the. oross tails, let in Ijrom 
the end pf the sh^L it leave* the .wood 
jpAUch pxore entire than the laiirifi MU(i^ 
gW99^ while i\fi I cBos^rarms take a xxxf^^ 
firmerhold ;AfteBitis let in^ the^iopp 
are driven op .^he . eiijd of , ,the . shaft, 
iwben .wvifl, ^pd J9.v fiiin hgld ' of the 
len^ - of , ^the cross-tails, t f^phe wood , ^s 
thej^i wedged np> which , ^makea the j^udr 
g^pns perfectly f^i^ Fig- 3 is a per- 
8|»iscti;i^e liji^w o^ a ciffxssnta^led gudgeon^ 
lii\d,]F;ig.i4jits^.profile. Jt is cjast with, .the 
EQijinjipaft:uhderp^>st;;,fo^ whiqhi rieatson^ 
the pattern must have a taper, to make it 



^>^ 



t • 
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rise out of the sand. This taper has, in 
the cross-tails, another very important 
use, that of giving the gudgeon the ad- 
vantage of dove^taikd Joints with the tiniT 
ber of the shaft when it is wedged up. 
Instead of wrought-iron hoops, cross«K 
tailed gudgeons sonietimes have a hoop 
of cast-iron cast along with the tailgji ^a 
represented b^ Fig. 5, 

6. Cast-iron shafts are sometimes 
]^ade hollow cylinders, and sonietimes 
^hey are made solid, and of various 
figores. It is demonstrable, thiat a hoi* 

* low cylinder is much stronger, with the 
sa&e quantity of matter, than it would 
be if m^de into a solid of the same 
length*. This law is very observable 
in the beautiful economy of nature; 
for instance, the stalks of plants, the 
quills of birds, the bones of animals, 
fiut, in the wprks of art, numberless 

- obstacles to perfection continually oc- 

* See Gregoiy'« Mecbanicf, voL 1^ p^ge 109« 
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cur. In this particular case, the expense 
of making small shafts, hollow, would 
be very great ; and another objection is, 
the difficulty of making such castings 
perfect. Shafts of a small diameter are, 
therefore, commonly made solid, 

7. Fig. 6, represents a cast-iron cylin- 
drical shaft'. It copsists of three perts^ 
the body, ABCD, and the two gud- 
geonsi AEC, and BFDG. The gudgeons 
are turned, and carefully fitted into the 
ends of the body, which is bored and 
turned to receive thehi. They are then 
fixed with screw-bolts, which pass 
through the flanches, as may be seen hj 
inspecting the figure. 

« V 

/This kind of shaft will obviously bb 

variously constructed) according ta cir- 
eUmstances« That {^presented in the 
figi^re was made for a caiJt-ifon water- 
wheel. The use of the small projections 
,HH, &c, is to prevent the eye of the 
mns from shifting round on the sbia^ 
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When cylipdrical shafts are not used, 
what are called feathered shafts are often 
adopted. • ' 

I 

. 8. Fig. 7 represents this construction 
of a shaft. It probably took its name 
from its resemblance to the feathered 
part of an arrow. It may be here re- 
marked, that shafts of this species, as 
often constructed, ar^ by no means cal- 
culated to withstand the twist brought 
upon themj by the: strain of the ma- 
fchijiei'y. From the breadth of the fea- 
thers,, their strength tt) withstand iateKil 
pressure, is, no doubt, considerable ; but 
wftQtmg substance between the feathers, 
tjiey are liable to continual trempun 
Where feathers are applied to shafts, I 
^pil^'rpreifef beeping the body df the 
^h^ft fullyi'a^ strong as the gudgeon^ or 
^mal*y .ftnd • apply the feathers rtrtrely 
^ ) ipiPevenC- ibending in the middle, as 

;•..:;;: .'/;;o'u. i ■ ■ ■■ ^ ■ • . " 

f) :f ^oiinUfi^ 6v ! JotiJme^/ ite gadgeons' ittibj^ct to 
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Fig. 7, No. 4. But the simple- -square. 

Fig. 8, is more easily made, aud, 1 be- | 

lieve, ha^ been found in practice, at least : ■ ' 

as advantageous as any other form that ■::v:'Xi't 

has been tried for solid shafts. ;'.'■ 



Having given this general account of 
shafts, I come next to consider the pauses 
from wbicli the stress pn them guises, 

SECTION ir. 

OftheKindi of Stress tofithich Shafts are 

9- There are two kinds of stress to 
which shafts are liable : fintt, lateral stresst 
by: which they may be broken across; se^ 
gon^iy^. stress arisiiig from torstotti bj 
which, thiey may be wreacbed or: twisted. 

All horizontal shafts are liable to tbe 
iirst kind of stress, viz. lateral stress; 
and some -have no ptherstraia, wt^teyw ; 
as 'for ^nsjiiacp, , a ,)ptep-wb^;.^^pJ5t,, 
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where the motion is communicated from 
teeth, on tb6 ihrouding. See plate, 
fig. 9. 

In fig. 10, the stress on the upright 
shaft, arises from torsipn only; excepting 
what may proceed from the inaccuracy 
of *he teeth of the wheels, which, if 
great, will occasion a considerable lateral 
thrust, 

A vertical shaft, which gives or re- 
ceives motimi, by m^ansof a pulley, has 
thereby a lateral pressure, brought upon 
it. 

' In fig. 11 and 1^ the stressis compound- 
ed of iaterdl pressure^ arising froni the 
weight of the wlieels A; and B, and that 
, of the shaft itself; and'of'the toraion or 
twist produced between the wheels, A 
and B. 

'The pasd of litersd stress bSng this 
niost sjmjile, f sMl, In t^e jfirst place. 
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examine it, confining for ttie present our 
attention to the gudgeons only. The 
bodies of shafts will be afterwards coo*^ 
sidered. 
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CHAP. II. 



SECTION I. 



10. Of the Strength of Gudgeons, where the 
Stress is produced by lateral pres- 
sure ONLY. 

The gudgeons having all the weight on 
the shaft to support, ought to be made 
sufficiently strodg for that purpose; 
while, to avoid unnecessary friction, they 
should be made as small id diameter as 
possible, consistently with sufficient 
strength and durability. 

When we are able to determine the 
diameters of the gudgeons, or journals, 
this serves as a foundation for the pro- 
portions of the other parts of the shafts. 

Although wrought-iron will bear a 
greater weight than cast-iron, yet cast- 
iroo being not only cheaper, but much 
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mbre easily formed ' ihid • c6i&Veiii€«t 
shapes j gudgeons are iiovF'ttiMt cbto- 
monly made of that material. We shall^ 
therefore, in the first place, confine dtiir 
attention to the diameters of gudgeons 
made of cast-iron.' Here* it may be 
proper tb sf^t^ the folltiWing pk^ositfon': 

\ I • . '' I ■ ■ ■ 

ll;* Ptopi. I. — SoUd^ ■ ciflinders of ^* 
the<:ube of their diUmeiffti^. ' ' /^ ' * 

<■ , ... •■■■.■•. .jvt 

That is,iif agudgeOh df twt> inchl5fil^'l)e 
«iffici«*t to support, n^ cefrtaifi weightj a 
gudgeon of^vfoot ittchW» - ^iH - stipjporl 
eight times a6 niuch« -J ^ • ■ : * ' 

■ ■ : . ■■ . ',;• ;. J '.?• » M .. .: 

:.Froin> this law, it^is e^id^at;' thatrtM^rt^ 
»U ; gudgeons made /d^^ irotii of th^ft^ V^ry 



i • . t "*> 



* See Emerson's 4to. edkion^ p. 94. 

Gregory's Mechanics, vol. 1, p. 107,. Cor. 3. 

There is, probaUy, b typ(fgjtip1AtA error *iu Dr. 
Brewster's edition j»fi>Bergi]SQii'^;:LeetBtes,^tal;'i% 
p. 158, where it is said, '' The diameter of th^ gud 
geoD must be proportional to the 9qmrt roid of the 
weight which it 8ti^p6rts.' 



• • >• - 
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same quality, koo wing the strength suf^ 
ficient, ill any one case it would be e^y 
to calculate what it should be in any 
other case. 

But as there Ib a great variety, in point 
of strength, in different kinds of iron}' 
Welch cast-iron, for instance, being 
stronger, as some think, by one-fourth^ 
^han that made in Scotland, it is prudent 
to calculate upon the weakest.* Mn 
Banks observes, that, ^^ Iron is much 
^^ more unifortn in its strength, than 
*' wood; yet it appears that there! i» 
^ some difference in different kinda of 
" ore, or iron-stone ; there is also a dif- 
•^ ference from the same furnace, per- 
^^ haps owing to the degree of heat 
^^ which it has when poured into the 
•• mould/' 

I shall proceed in thb inquiry, on 
principles similar to those which I have 
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* Banks^s Power of Madune^j p. 94«. 
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£o|)lowed . in my Inquiry respecting the 
Strength and Durability of the Teeth of 
WheetSi-neLmeiy^hy taking a number of 
cases from millwork in actual use^ and 
draining inferences from them« This 
method of making inferences, by coU 
lecting rand arranging facts respecting^ 
millwork) I consider as bemg much more 
safe ^d ui^efuls than founding calcula^ 
tlonsk upqi^ experiments^ often made on a 
small acale^ and under circumstances 
very different from those which occur 
in . practice with machinery. I $haU 
begin with considering the gudgeons, of 
Tfater^wheels.. , 



-.':: ' {]■.■• : • •'.. —S. •■* 



SECTION IX« 



. - ' 



Of Gudgeons of Water-wheels. 



i . » •• . I ■ 



12* , In the following tahle^ water- 
wheels of ..various weights are coUeqted, 
and the diameters of the gudgeons.. in 
actual use, stated. The weights of the 
ca9t-upn wheels were found, from the 
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weight of the castings, &cr of which thfey 
are composed. The wooden wheefe are 
estimated, maklttg allowance for the 
wood becoming heavier by being soaked 
in ' water. I am aware, however, that 
besides the mere weight of the wheel, 
other circumstances shonld be taken into 
account,^ such as the weight of 'water 
in the buckets, and the pressure brbught 
on the gudgeon by the resistance of the 
work; &c. But I shall follow the gene- 
ral result of those cases only, in Vhich 
the gudgeons have been found sufficient- 
ly strong, and, 1 apprehend, that those 
extraneous causes on the one hanfd,* 'will 
not affect our rules more than the dif- 
ferent qualities of . cast-iron will the 
strength of gudgeons on the other hand. 



\ 



The water-wheels in the table were all 
in thfe middle of their respective shafts. 
Both gudgeons of^achwheel had, there- 
fbre,' equal stress. "- '^^ 






^ •^ S^e Ekcydopedia Brit&ntiica^ article RdliAloh- 

1 
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Is. pescription of the first Table of 

Gudgeons of Water-wheels. 
Column 1 Contains letters to distinguish 

the wheels. 
' 2 i%ows the ihaterial of which 

the wheel is made. 
' 3 The diameter in feet 

- J ■ ■■ 4 The width in feet. \ 

•~ 5 The kind of wheel. 

6 The diameter of the gudgeon 
in inches. 

7 The weight of some of the 
wheels, in tons and cwts. 



• 8 The weight of some of the 

wheels^ in cwts. and qrs. 
-^— — * 9 Contains the cube root of the 
" weight. 

The use of this column is to compare 
the several gudgeons with the law con* 
tained in i^rop. 1. Fpr, were all the 
gudgeons duly proportioned to the 
weight they have to sustain, jtbey would 
be to one another as the cube toots of 
their weights* 

9 



. & '.* .^& 



34 



An Essay on 



< 


U 00 

an 

r 

O <o 

CO 

Jz; 
O 

O 

t) 

O * 

•> 

• 


Remarks. 


S SP ill .3 

lit lljl 




Cube Roots 

of weight, 

in cwts. 


pi * ^ ^ to 00 43-4* 

Oi-^ •^ o» u5 ^ O 

twCtC> 00. 0)00 „ Jg 






« • .5^^ 


' 


"1 1 ^ 


t^^ 00 flo "-^ »^ 2 




5j5 Si 






00 0^ M SK •■ 

5 « 2 u 






Diameter 
of cast-iron 
gudgeon in 
' inches. 


-§ 5 

° 8 




• 
c 


Coo o oooooo bD 




:r* "* «$ 


W^flO ^ 0)N.^O^O T^ 




Diameter 

ofwheely 

in feet. 


<^ ^ ^ ©< ' ^ cTw »-• 00 00 ^ Pj 




So 

^ s 




I 







I ■ 



the Shafts of Mills. S5 . 

i)h$eroatiomon thejintTable of Gudgeons^ 

14. Particular care should be ta,kefi, 
that the axis of the gudgeons be exactly 
in a line with the axis of the shaft which 
it supports, otherwise the motion will be 
unequal, and at one part of the revolu- 
tion the stress will be thrown to the point 
of the gudgeon ; this would endanger iU 
breaking, more particularly if very long, 
though otherwise sufficiently strong. In 
the caseH, we have an instance of agud- 
geon breaking, from being made too long. 
In practice it is a good method to turn 
the gudgeons of a wopden shaft, afler . 
they are fixed in their places, a second 
time, in order to render them quite true* 

x 

15. From comparing the didmeters of 
the gudgeons (column 6), with the cube 
root of the weight in cwts. of the wheel 
(col. 9), it will be found tbat they ap- 
proach one another. In other words, the 
cube root of the weight in cwts. is nearly 
equal to the diameter in inches. In the 
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case C, the gudgeon broke^ only from 
being a bad castings although it is smalleit 
in proportion to its weight, than most of 
the other cases. Since it was renewed 
of the same size, it has continued tO;9up« 
pNort its work. When, therefore, we caii 
ascertain the weight of a water-w&eel, 
we have a very simple rule for finding 
the dia;meter which ther gudgeon ought 
to have. 



RULE L 

The CUBE ROOT of the weight qf ir 
water-wheel^ in hundred weights, is 
NEARLY eqiuil to the diameter^ fwc^i 
of a cast-iron gudgeon sufficiently 
STRONG to support such wheel. 

I say nearly^ it being evidently most 
prudent to make the gudgeon a little 
more than less in diameter, and to make 
due allowance for wearing. 
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SXAMfLJB. 

Suppose a water wheel tfo weigh 12 
tonsy cwt. 3 qrs. M^hat ought to be the 
diameter of a cadt-iron gtadgeon^ sufB-* 
cientlj strong to support the wheel? 

12 tons ss240 cwt. 3 qrs. 

The cube root of 240.3 = 6-214464 
Answ. That is, the diameter of the gud* 
geon should not be less than 6.tV diame« 
•ter. It ought to be rather more, to al- 
low for wearing, &c. See B. in the first 
Table of Gudgeons. 



/ 



(16.) As the weights of wooden water 
wheels cannot be accurately knowh^ 
without a good deal of calculation, it is 
desirable to have sotne more ready me- 
thod for practical purposes. 

The weights of overshot, or bucket wa-» 
terwheels, will be to one another nearly 
as their circumferences, or diameters and 
breadth .-^I saty nearly^ becausfe the arms 
will make large wheels heavy in rather a 
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greater proportion. Hence the following 
Rule is formed on the direct proportion 
of the sole and buckets adding one-^half 
of the diameter incres^sed in the dupU« 
cate ratio or square of the diameter. 



\ 

itULE II. 

JPor wooden water wheels^ multiply the 
diameter in feet by the width also in feet^ 
to which add the sqtmre of half of the diame^ 
ier. The cube root of the sum will be 
nearly equal to the diameter of the gudgeon 
in inches. 

■ • • • 

I 

Explanation of Table I J of Water Wheels. 

All the columns, except No 10, are 
the same as in Table I. The column 
10 ishows the result by Rule II. 

EXAMPLE. 

Suppose a wooden water wheel 12 feet 
diameter and 7 feet wide (See E in Ta- 
ble II of Gudgeons). 
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12 X 7 =s 84 
The square of 6 = 36 

120 =S5 The cube root 
of which as 4.932424; that is the gudgeon 
should not be less than about 5 inches 
diameter. 
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ft£CTXOK XXX. 

J 

Of Cast4ron Gudgeons 'for various 

Purpdi^Si 

(17) Taking it foir granted that the 
cube root of the weight of a water 
wheel, in hundred weights, is nearly , 
equal to the diameter in inches of a cast* 
iron gudgeon, sufficiently strong to sup* 
port such wheel, the following Table of 
the diameters of gudgeons, and^ the 
weights which they may be supposed to 
sustain, is formed. It may be of use 
for finding the diameters of journals in 
all cases of stress arising from lateral 
pressure, such as grindstones, intermedin 
.ate spindles, &c. where the pressure can 
be ascertained, as well as water wheels. 






Explanation of the, Table of Casjt^iron 

Gudgeons. 

Column 1 Contains thi^ diameter in 
inches, from 1 to 11 inches. 



":>. 
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Column 2 Contains the cube of that 
diameter,or the hundred weights 
which the gudgeon may sustain. 

N. B. I have already remarked (No. 
15), that it would be most prudent to 
make the gudgeon a little more in dia- 
meter than the cube root of the hundred 
weights. 



TABLE OF CAST-IRON GUDGEONS. 





Dianiflti 


CubiofDiaineKtor 
cwu. which Iht gud- 






iiict>». 


geon BWy lUilain. 






1.25 


1. 

1.953125 






1.5 


3.375 






1.75 


5.359375 






2. 


8. 






2.35 


11.400635 






a.5 


15.625 






2.75 


SO.796875 






3. 


27- 






3.25 


34-328125 






3,5 


42.875 






3.75 


52.734375 






4. 


64. 






4.25 


76765625 






4.5 


91- 135 






4.75 


I0M71875 






5. 


135. 






3.25 


144.703125 






5.5 


166.375 






5.75 


190.109375 






6. 


216. 






6.S5 


244.140625 






6.5 


274.625 






6.75 


307.546875 






7. 


343. 






7.25 


381.078125 






75 


♦21.875 






7-75 


465.483375 






8- 


512. 






8-25 


561.515625 






8-5 


614.125 






S-75 


669.921375 






9- 


729. 






9-25 


791-453125 






9-5 


875.375 






9.75 


926.859375 






10. 


1000. 






10.25 


1076.890625 






10.5 


1157.625 






10.75 


1242.296875 






11. 


1452. 
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USE or THE TABLE. 
£S:AMPL£ I. 

Suppose a cast-iron gudgeon of 5^ 
diameter, what weight of a water wheel 
would it be capable of 6ustainidg ? 

In the first column find 5.75» Oppo- 
site to which will be foun^ 190.109375 
hundred weights^ which is rajther more 
' than ^4- tons, which is the answer^ But 
in practice, it would perhaps be prudent 
not to load this gudgeon with inore than 
nine tons. 

EXAMPLE II. 

Suppose agrindstone weighing 15i-hun- 
dred weights, required the iize of a 
gudgeon suflUcient to sustain this weight. 
Lookin the second column for the nearest 
weight to that given, which will be found 
' to be 15.625, opposite to which, in the 
first column, is ^-h inches, the diameter of 
the gudgeon required. 
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But in practice the spindles of grind-' 
stones are commonly of wrought iron, 
which metal I shall presently consider as 
applied to gudgeons. 



SECTION IV. 

Of Malleable or JVrought-iron Gudgeons. 

(18) Professor Robison states^, that 
the cohesive force of a square inch of 
cast iron is from 40.000 to 60.000lb. 
wrought iron from 60.000 to 90.0001b. 

In the year 1795, I had occasion to 
substitute cast-iron gudgeons for those of 
wrought iron, and made some experi- 
ments on those metals, from which I drew 
the following inference : that gudgeoris of 
the same size J of cast and of wrought ir^on in 
practice^ are capable^ at a medium^ of sus-^ 
taining weights mthout flexure^ in the pro* 
portion of 9 to 14. 

* Bncyclopedia Britannica^ article Strength of 
Materials, 40. 
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Taking it for granted that this propor- 
tion is near the truth, we may find the 
diameter which any wrought-iron gudgeon, 
ought to have when its lateral pressure is 
given, in the following manner : 

1. Find the diameter which a cast- 
iron gudgeon should have to sustain the 
given pressure, then say, as 14 is to the 
cube of the diameter of the cast-iron 
gudgeon, so is 9 to the cube Of the dia^ 
meter of the wrought-ii?on gudgeon. 

The root of this last number gives the 
diameter required of the wrought-iron. 
gudgeon. 

EXAHPIrE. 

Suppose the lateral pressure to be 125 
hundred weights, -the cube root of which 
is 5, the diameter in inches of the cast^ 
iron gudgeon : then say, 

As . . 14 

Is to . 125, 

So is . 9 

To 80.357, 
The cube root of which is 4.30887. 



V 
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Upon ^ this {Hinciple the following 
Table is calculated to show die proporr 

■ 

tionatediametersof cast-ironaad wrought 
iron gudgeons. 

EXPLANATION OF THE TABLE 

« 

Of Cast-iron and Wrought-^ron Gudgeons. 

Column 1 and 2 are the same as those iii 

the table of cast-iron gudgeoM. 

.Column 3 Contains numbers in the pro- 
portion of 9 to 14 less than 
those in column 2. 

Column 4 Contains the cube root of co- 

lumn 3, or the diameters of 
wrought-iron gudgeons, hav- 
ing the same strength as those 
of cast-iron in column 1. 



USE OF THE TABLE. 
EXAMPLE. 

To find the diameter of a wrought-iron 
gudgeon of the same strength with one of 
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cast-iron of 3 inchiss diameter. Look on 
the .1st column for 3, and on the same line 
in the 4thcolumn will be found 2.57i36i3, 
that is, a little more than S^ iQch^^ the 
diameter required of the wrought-iron 
gudgeon. 

The numbers in the Sd column, being 
the cube pf t^qse in th)B 4th» another use 
may b^ m^A^ of this part of the table. 
For, supposing the 4th column to repre- 
seqi; cast«iron . "gudgeons, iken die Sd 
column isjUwjpresent tHe^imdred weights 
which cast-iron gudgeons of those dia« 
meters should sustain. 



TABLE OF CAST AND WROUGHT- 
IRON GUDGEONS. 



1 


2 


3 


4 




Cube oi Diaiiii . 

> • 




Diamr. of 


Diamr. of 


ot cast-iron 

•ludgeon, or 

the cwis. which 

the guds;eons 


Cube of diamf . 


wrought iron 


gudgeons 


of wrought 


gudgeons in 


in inches. 


iron gudgeons. 


inches and; 
parts. 




may sustain. 




r 


1. 


1. 


.6428571 


.6428571 


1.251 


1.953125 


1.2555803 


1.063340 


ij; 


3.375 


2.1696427 


1.259921 


1.75 


5.359375 


3.4453125 


1.514825 


2. 


8 


5.1428571 


1.709976 


2.25 


11.400625 


7.3289732 


•1.912933 


2.5 


15.625 


10.0446428 


2.154435 


2.75 


20.796975 


13.3694196 


2.351335 


3 


27. 


17.3571428 


2.571282 


3.25 


34.3281^5 


22.067O8O3 


2.802039 


3*5 . 


42.875 


27*5625 


-^3.018294 


B.T5 . 


52.734375 


33.9006696 


^ 3.2396i2 


4 


64. 


4^.1428371 


3.448217 


4.?5 


76.765625 


49.3493303 


3.659306 


4.5 


91.125 


58.5803571 


3.881936 


475 


107.171875 


6S.S96 


4.101566 


5 


125. 


80.357 


4.308870 


5.25 


144.763125 


93.023 


4.530655 


5.5 


166.375 


106.955 


4.747459 


5.75 


190.109375 


122.213 


4^.959675 \ 


6 


216. 


138.857 


5.180101 


6.25 


244.140625 


156.948 


5.394690 


6.5 


274.625 


176.545 


5.609376 


6,75 


307.546875 


197.709 


5.828476 



• Dr. Brewster says, " a Gudgeon 2 inches diameter, 
will sustain 32391b. averdupois." Brewster's Edition of Fer- 
guson's Lectures, vol. i. p. 157» 

t The wrought iron Giindstone spindle used by Mr. 
Southern in his experiments on Friction, was 3*1 diameter, 
and carried a stone weighing 37001b. See Phil. Mag. Vol . 
xvii. 123. 

' J) 






•» 



50 



An Essay on 



Tabk of Cart and Wrougkt-Irm Gudgeons, conlmuei. 



1 



4 



Diamr. of 


Cube of Diamr. 
of cast-iron 
gudgeon, or 


Cube of diamr. 


Diamr. of 
wroueht iron 


gudgeons 


of wrought 


gudgeons in 


tin inches. 


the gudgeons 
may sustain. 


iron gudgeons. 


inchei^ and 
parts. 


7. 


343. 


220.500 


6.041377 


7.25 


381.078125 


244.979 


6.257324 


7.5 


421.875 


271.205 


6.471274 


7.75 


465.484375 


299-240 


6.686882 


8. 


512. 


329*143 


6.903436 


8.25 


561.515625 


360.975 


7.120367 


8.5 


' 614.125 


394.795 


7.337234 


8.75 


669.92I875 


430.664 


7.553688 


9. 


729. 


468.643 


7.769^62 


9-^5 


791.453125 


5O8.79I 


7.984344 


9.5 


875.375 


562.741 


8.257263 


9.75 


926.869375 


595.837 


8.415541 


10. 


1000. 


642.857 


S.63IIO3 


10.25 


1076.890625 


692.287 


8.845085 


10.5 


1157.625 


744.187 


9.06^1309 


10.75 


1242.296875 


798.619 


9.2793O8 


11. 


1452. 


933,428 


9771484 



Before proceeding to consider the bo- 
dies of Shafts, subject to lateral stressy I 
shall inquire into the Strength of Journals 
(if Shafts subject to torsion. 



f 



fhc ShqftB of MOk. 61 



CHAP. III. 



SECTION I. 



(19) Qr the Strength of Journals^ when 
the Stress arisei from Torsion or Twisting^ 
in addition to lateral Stress. 



J 



» , • • • ■ 

In .my inqwirTiptp, the strength and 

durability of the. tefetp of wheels, I have 

used what is called the horses* power ^ as a 

measure for the strain. I beg leave to 

refer the reader to what I have there said, 

(p. 130--134) in explanation of that term 

which I shall use here, in measuring the 

strain brought on shafts by torsion or 

twisting. 



> 



In this case of torsion, as well as fhat 
of lateral pressure, the law of propor- 
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tioqate strength is as the cubes of the dia- 
meters *. 



For the sake of comparison, some 
Journals in actual use are arranged in the 
following Table. 

It may be proper here to remark, th^t 
what I have to say respecting Journals, 
relates to those of cast iron, for although 
wrought iron will bear more lateral stress, 
as we have seen (No. 19), yet it is a 
fact, perhaps, not generally known, that 
wrought iron will not resist torsioii equal 
to cast iron. 



Explanation of the Table of Journals. 

The Table contains first the diameteiB 
of the Journal subject to torsion, as real- 
ly at Work. 

• p . ■ 

J 

* See Gregory's Meehanics, yoI. i« page 126. 
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Secondly, those Journals all reduced to 
oue denomination, which is done as fol« 
lows: 

ist* By supposing them all reduced 
to 10 revolutions per minute, the stress 
being m the inverse ratio of the velocity. 

(See Emerson^ page, 179) This is done by ^ 
the following rule; As the number of 
revolutions per minute which the shaft is 
actually making is to 10^ so is the pre- 
sent horses' power to the horses' power 
required » 

Example. As 58 revolutions per min. 

Is to 10 horses^ power, 
So is 32 horses' power 
To 5.5f.ans. horses' power. 



> 



- fd^ By supposing the revolutions thus 
reduced to 10^ and the horses all reduced 
to 10, to find tb& proportionate size of 
Journals. 






Rale.-^As the horses* power to which 

8 
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the Joumak are equal, when reduced to 
10 revolutions per minute, is to the cube 
of the present diameter, so is ten horses' 
power to the cube of the diameter re- 
quired. ^ 

Let us take A in the Table again as 
>an example. 
As 5.5 

Is to the cube of 7, viz. 421.875. 
So is ten 

To 767 > the cube root of which is 
9.153737, ans. 

Column 1, contains letters to distinguish 

the cases and their descrip- 
tion. 
2, The horses' power at which 
the resistance is valued. 

— 3, The diameter in inches of the 
Journal, as actually made/ 

~4s The revolutions per miiiutd 
which they actually makef. 

■— 5, The horses' power to which 
the resisbttM^e would .be 
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equal , if the shafts were 
all moving at 10 revolu- 
tions per minute. 
Column 6, Diameters of gudgeons, if all 

reduced to one denomina- 
tion, viz. 10 horses' power, 
at 10 revolutions per mi- 
nute. 



OBSERVATIONS ON .THE TABLE. 

It is to be observed that when these 
Journals are all reduced to one denomi- 
nation their values appear very diflferent. 
The case A gives . . 9.1 

G only . . 3.0 

But there are good reasons for this dif-* ' 
ference : A has not only torsion to resist, 
but also to carry a very heavy fly wheel, 
and it is prudent in such cases not merely 
to make an allowance for the weight 
properly balanced, but also for any inac- 
curacy which may occasion swagging, 
' which greatly adds to the stress. G was 



/ 
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found from experience to be at the very 
minimum, and it had hardly any other re- 
sistance but* what arose from torsion. 

It is further observable that, the value 
for 10 horses in the smaller Engines is 
much less than in the larger. For this 
diflference what I have said respecting 
the weight of the fly in a great measure 
accounts. And not only to the heavier 
fly to be considered but the greater dan- 
ger of accidents from a large fly than 
from one that is of a smaller diameter. 



% 



SECTION II. 

Of proportioning Journals to the Stress 
which they have to sustain. 

(20) The stress any journal has to sus- 

■':^' tain being as the horses* power to which 

the resistance" is equal directly ^^ and the 

number of revolutions which the shaft 

makes inversely , it follows : That a re- 
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9istaQce for example of 32- horses^ power 
on a Journal- making 50 revolutions pec ' 
minute has the very same stress with a 
resistance of 16 horses' power on another 
journal making 25 revolutions per mi- 
nute. 



50 divided by 32 is equal to 25 divid- 
ed by l6, each of which gives a quotient 
of 0.64. Therefore in all cases when the 
horses* power divided by the revolutions 
per minXite produces the same quotient 
the stress is the same. 

Thus a resistance equal to 50 horses' 
power making 50 revolutions per minute 
produces the very same stress as 10 horses' 
power making 10 revolutions per mi- 
nute. 

Having therefore fixed on any Journal 
which has been found sufficiently strong, 
we may make any other to have the same 
strength in proportion to the resistance 
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which it has to overcome in the following 
manner. 

, If it so happen that the horses' power, 
and the revolutions per minute be the 
same number. For instance, 50 horses' 
power making 50revolutions, 50 ;- 50 =1 ; 
then the cube of the diameter of the 
Journal will be a multiplier, by which to 
JBnd the cube' of the diameter of the re- 
quired Journal.^ 

But in case the horses' power and the 
revolutions per minute are different num* 
hersy then you must suppose them both 
the same, and calculate (by the rules for- 
inerly laid down (No. 19) what, in that 
Ca&e, would be the proportionate diame- 
ter of the Journal^ — ^The cube of this dia- 
metelr will be a multiplier, the same as 
mentioned above. 

Having found the multiplier, to find 
the diameter of the required Journal. 

Divide the iorses' power by the rcvo- 
lutions per ipinute. 



^ < 
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/ 

Multiply the quotient by the multiplier^ 
the cube root of the product will give 
the diameter of the Journal required. 



EXAMPLE I. 



In the 1st table of Journals at D5 
where there is an engine of 50 horses' 
power turning a shaft, at the rate of 50 
revolutions per minute. 



Divide the power by the revolutions, 
that is 50, divided by 50, is equal to I ; 
the diameter of the Journal is 7t inches ; 
the cube of this, is 420, which multiplii^ 
by 1, produces 420. 



In this case it happens that the horses' 
power, and the revolutionis per minute, 
are the same number y therefore we with 
little trouble find the multiplier. 
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EXAMPLE II. 

Let us take E, in the tabic Here the 
horses' power is 12, and the revolutions 
per minute, 48« 

Now let us suppose both numbers tlie 
same, that is 12 horses^ power, and 12 re-* 
volutions. 

Here it is evident that there will.bc 
four times the stress, brought on the 
Journal. Its actual diameter v^as 4 inches^ 
Then the cube of 4 is 64, 
64 multiplied by 4 is 256 inches, ' * 
The cube root of which is 6.S4, 
which is th^ diameter, which the Journal 
ought to have, to be in proportion to the 
velocity. 

The cube of 6.34 is 254.84, 
trhjch is the multiplier rejquifed. . 
It is to be observed, that in the case £^ 
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a much smaller steam engine is employ- 
ed than in D, and, therefore, for reasons 
already given (No. 19-) has less stress 
brought upon the Journal. This accounts 
for the multiplier being less. 

I shall now give an example of the 

appHcation of a multiplier ; let us take 

. » 

that found in the case J), viz. 420, and 
see which size of Journal it would give 
in the case E, which is an e^ngine of 12 
horses' power and Journal making 48 
revolutions per minute* 

52 divided by 48, equal to 25, then 
multiplied by 420, gives a quotient of 
105, that is, the strength of the Journals 
must be as 420 to 105 ; but the cube 
root of 420 is 7-^5 and the cube root of 
105 is 4f , which points out the Journals 
74 and 4|: are proportioned to their 
respective engines. In like manner 
' the following table is calculated ; the 
multiplier being 420, the Journals in 
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column 7th, are proportional to the 
case G. 



/^ • 



Description of the Table of Journals^ prck 
portionate to D, having 420 as a mul^ 
tiplier. 

Column 1 contains letters to distinguish 

the cases, and which refer to 
the same Steam Engine as 
those in the former Table. 

Column 2 The horses' power. 

Column 3 The revolutions of the Journal 

per minute. 

Column 4 The product of the Horses' 

power divided by the revolu- 
tions of the Shaft. 

Column 5 Contains the proportionate 

strain on each Journal, re* 
presented in whole numbers, 
which are found by multiply- 
ing the product in column 4^ 
by 420, as a multiplier. 
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Column 6 Contains the cube roots of the 

numbers^ in column 5, that 
is, the diameters of Journals 
proportionte to that ^tually 
used in the case C. 

Column 7 Diameters of Journals, as 

really executed in the several 
Steam Engines, referred to in 
the Table. 



IL TABLE OF JOURNALS 

JPraportionate to D, having 420 as a mulli^ 

plier. 



1 


2 


3 


4 


5 


6 


7 


A 
-B 
D 
E. 
F 

I. J 


Njimbers 

of horses 

power. 


Revolu- 
tions ot 
Journal 
p. min. 


Product of 
power diyi- 
ded by the 
rev. ot the 
Journal. 

• 


Propor- 
tionate 
strain on 
Journal* 


Propor- 
tionate 
Uiam.pt 
Journals 


Diam. 

ofJour- 

nals 

f}9Jf^ 
bbserv- 

ation. 

• 


82 

a2 

50 
12 

9 . 


58 

19 
30 

48 

55 


055 

1.67 
1.0 
; 0.25 
0.16 


231 
701 
420 
105 
• 67 


6.13 
8.88 
7.*8 
471 
4.06 


71 
9k 

n 

• 4. 



<-. 




'. 'j 


■ I 


lT t. 


V^ 


'■/^ 


« 


f .< '■ 
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OBSEEVATIONS, 



(21) I have already observed (No. 19) 
that, besides torsion, the journals of fly- 
wheel shafts have considerable lateral, 
and other stress, arising from the weight 
and swagging of their fly wheels, and 
therefore, they ought to be made stronger 
than shafts, in other situations. The 
multiplier 420, therefore, which we have 
used in the table, would give diameters 
too great, for some other parts of machi- 
nery. A Journal, for instance, subject 
to torsion,. immediately connected with a 
water wheel, has from the weight of the 
wheel and cither causes, considerable la- 
teral stress ; but not so much as that of 
a Steam Engine. The Journal may there- 
fore, be considerably smaller than would 
be required for a Steam Engine fly 
wheel shaft, subject to the same degree 
of Torsion. 
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^ Agaib a^ secondary shaft dmeii from 
a Steam Engine water wheel, of howe 
gin, by means of wheels, has in general 
very little lateral stress^ compared with 
the two cases just stated; 9nd may 
therefore have a Jomroal,, sn»Uer tfajan 
either, when the- degree df torsion is< the 

^me. 

' • ■ • ■ ■ • 

For these reasons the three following 
multipliers will probably approach near 
the truth; for Journals of Steam Engine 
fly wheel shafts (where tljie power is mo-' 
derate). 



i*" • 1 11 11 1 ■ ■>■ 



400 



Journals in immediate connec- 
tion with water wheels,* or 
other heavy work: ^ 200 

Journals for the ordinary kind 
of mtemal Millwork 100 



. J 



* The reader will please to observe/tbat/when I use 
the word Journal here^ I suppose it subject to torsion. 
Where there is lateral pressure pnly^ and no torsion« 
I if ould' use the word gudgeon. 
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I shall give an E^atpple of each of 
these multipliers. .: ; 



1 . 



. > 



EXAMPLE I. ' 

t * . It 

\ ■ ■ ' 
• • • ■ 

■ Suppose B, in the lid Table, 1.67 
multijplied by 400, is 668, the cube root 
of which, is 8.7416 inches, diameter of 
Journal. 






EXAMPLE II. 



• • • ■ 

'^Suppose G, in the 1st Table> then 
7 -f- 114^ = 0.6 0.6 X 200 = 120. The 
cube root of which is 4.932 inches, dia- 
meter of journal. 



i . 






EXAMPLE III. 

. ... ,■ • ■ 

a * ■ • 

Suppose G again, then 0.6 x 100 = 60, 
the cube root of which, is 3.914 inches, 
diameter of the Journal. • - 

■ 

' I have taken G for an example,, in the. 
two last casesi sis it was in practice found 
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tt> ^/at the mipimum; or least extretnie t 
were a multiplier tak0n froui its roat din* 
meter, it would be rather less than 30. 



« « ? • 



For 0-6 Sc 30 ^ 18, the iJube root of 
which, is 2.62, now the diameter from 
observation was 2^ inches, or 2.5^^ 
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SfiCTtON lit. 
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(22) Whai the diameter of a Joumalti 
and its revolutions per minute, are given, 
in order to find the horses' power to which 
it is equal ; we must invert the preceding 
operation, and convert the multiplier into 
a divisor. 



RUL£< 



Cube the diameter of the Journal, di* 
vidfe the cube by- the divisor. "* The quo- 
tient multiplied by the revolutions per 



minute, gives the horses* power, to which 
tile Journal i» equal; • i • > 






\r' SXA^PLE I. ¥ in the Tjfible^ 

/*,.., . , 

• -.* .1 •* *, -. • 

". . » J . . ■ ^ ■ ■ ■ . ' . 1 ' I . ■ • ' ' 

Suppose -the JoufQal of a Steam En-* 
gine to be 4 inches diameter, making 
55 revolutions per minute, then we shall 
use 400 as a divisor* 

"" r^ /• The cube of 4 is 64, divided by 400 
^ /. equal to 0.16, then this quotient (ai6) 
mulliplied by 55, gives 8*8 the horsa' 
poWer, to which the Journal is equal. 
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EXAtrPLE II. 



Suppose again, the same size of a 
Journal, connected with heavy niachi- 
nerv, then we must use 200 as a divisor. 

■ • 

?» ilS howes' power. 



t I - y 
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EXAMPLE 1X1. 



We shall take the same Journal for in- 
ternal work, of the otdimfy kind, and 
use 100 as a divison 



The! cube o£.4 5= 64 * 10p = ,64,x55 
= .3$.2,bors?&'pQwer. , : ,; ' in 

4 ■ ' . t * • f- 

# ./ ,•! « ■ , I ■■• ". I J ' * 1 *" ■» "» t * ' ■ ■" ' ? i ■ ' ■■ ' ■ i 1 4 ' ■ ■ 4 • ^T 




In this way the three following ^ , . 
are calculated, from the three divisors 

Water Wheels and heavy machinery, and 
the third, internal work, of the ordinary 

•Jjf^cr{piwti''ofihe thtte }fhlM>iri^^ahlts. 

■ ' ; -^ \ '■ ■ : ■ • . 

»■ < 

'Cottitnii 1 cotitaks thbidiaonretei^ of t^^e 
Journals in inches. ,i- •^>q 



The rest of the columns contain the 
horses' power, to which the gudgeons are 
equal at variotis velocities, from 1 revo- 
lution per minute to 60, 

•■' ♦ 'l:- ••■.: :»'.;;. .»>*:,/: - .-^ . ..." . :. ;/ 

i. . ,i;.:!:i Use (^'ihe Tables. ,/■' f ; u :- j 

EXAMPLE, 



HoW^ nifiny borseS' power is a Joutnal 
of 2 inches diametef eqtial'^6,' at 50 re- 
yojqtions per ipinute,, in ^ach of the three 
Tables,- ■'''••^' /- ' /•.'•' /•". " 

• On a Itfie'With 2 ihc^W'ilfenJfcterj' ih 
the finst fciflUitift'of ea^h''t^Hy,'ihi an- 
sWers wiil bd wund in the 7th coliitiin, 

. : L. ■ . • i<> ;» J.J I i • . * ■ .. • . > ! . . . • , . i 



A Journal, 3 inches diameter, making 
50 revolutions per minute. . 

For vflv- wheel shaft of Steam Ett- 
jgine 1 horse's power, 
: For heavy iintArn^. work: 3 borssaft* 
power^ ' ,.. : 
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For internal work of the usual kind 
4 horses' power. 

N.B. As column % contains the horses' » 

.... 1^ 

power, to which the Journal is equal, at 
1 revolution per minute, it is easy from 
it, to find the horses* power ejju^^ to any 
other number of revolutions by multipli- 
cation. 



i 1 ' 

■ ' ; I • . • 

> • I* !.».•' If 

•:/» . J. . ■' \. ^^ '■'. ; . <:' ;•■.■;.:■ ■ // 

f n { f ^ . ■ ■*■' . y , ^ ■ •.» •* ^' , f . . . .1 
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OrTttE BODIES OF' SHAFTS. 
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SECTION I. 





(23) From what is stated in the pre- 
ceding part of this Essay, I hope the 
Millwright will be enabled to approach 
sufficiently near to the truth, for all prac- 
tical purposes in proportioning Gudgeons- 
and Journals to the stress which they 
haye to sustain. Taking this for granted, 
it may be proper for us next to consider 
what relates to the bodies of shafts, or 
those parts which lie between the Gud- 
geons or Journals. In this part of our 
inquiry, we may derive assistance from 
the principles, which hare been applied 
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by wprtitrs' on mbcfatoics, to the stress. of 
timber' > and mother materials** The ge- 
riera3ity:x)f ivriters on .mechanics, Jiow- 
ever^-'a» Dr, Young justly obserres, in 
(voh i;'' page 136)>haye confined their 
attention to strengthjsAone^ although there 
be other very important jM-opertiesi which 
required their consideration. The. most 
usual as well as thejnost important effect^ 
produced by the application of .force is 
fesure (p. 138, ibid^) stiffness therefore as 
well BSr strength, ought to be considered in 
determining: the form, as well as tfae.quaii^ 
tity, of materials, fbr any mecfaanicalpur- 
pose, more particulaifly that of a^ jshaft in 
Mill work, which in: theory may he jconsi-^ 
deredasani9?/?m6/^stniightUne.' J b^the 
practical reader would attend tQ:;tb&:di3T 
tinction iietween .itiffhess and strength'. 
Stifihies? is that i property^ which . resists 
ficxyr^ or bending. : Strength, that which 
recasts fi^cture or breaking. The consi* 
deration of flieir limiti^, may makb tliis 

"* Few operatiye mechanics have a distinct no- 
^ tidn 6f the difference betw&ri itrength andsiifffiess. 
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f>leiner. The limit oSitiffnets is jkxmrt : \ 
The limit of strength va fracture. rThe«<i^: 
ne$s of .a beam follows laws very different 
from those whicli determine its strength^ > 
xhost laws I shall presently (^onsider^ and 
endeavour to show their application to 
practice, with regard : to sonae cases of 
8hafts.-^-"But although those . laws may 
^hrow' considerable light on the subject, 
yetitiniistbe confessed, that there are 
many cases in' pracdoe, in. which it is 
veify difficult, if not impossible,. to a^ply 
themv fbr it is very often difficult to esi- 
timate, what may be the amount of this 
lateral' pressure on sha&s, arising not only 
from tbeir own. ; weight, . and thalt . of: ;the 
wheels; iupon *tVnii but also from the 
thrust,' prr6ceeding from the action of the 
toothed wheels, and. other extraneous 
causes. ' In case^ tsf this nature.- where 
dalculatioA fails, much must be done, by 
what Mr/ SmeatbnT calls /eefing,*; which 
will direct the experienced Millwright, to 



J •• ■■ • i • i:r. 



* Sm^ton's AccQuplof Edistpne Lighthouaex pitge 
196. 
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makev a due allowapce for whatever^ 
accidep|»l strain ii^ay bejikely to oc- 
cur. ' . . 
I shall now proceed, to state and apply 
some of the law5, respecting stiffness and 
strength, with regai^d* to force, applied 
transversely, , 

: .■••'■ ..'■••• • . r ... 
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Ofhi^al Suffh^ss and latpral StretigtJi^- , 



(24) *' The stiffness of any substance, is 
measured by the force required, to cause 
itto liecedcy through a^iyen space^ in the 
direction a6£ I the force,^'' (Young^S =Nat; 
Phil. vbh» i. pi 139). r J ts transverse 
strength is measured by the presisure, rt^ 
quired to produce its fracture, or, in other 
words, to breakritv : j^ 



i I 






(25) ^fiy beams of equal lengthy have 
theif lateral • StiffhesSi as the^ breadtk^^ and 
cube of the depth (Ybup^'s JfJsit. l^hit' vql. 

1. p» 139) and have ihar I lateral SirensfK 
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M the breadth and square of the depth^ 
(Gregory, roL i. p« 106, Emerson, page 
9*, cor. 2). 

Thus, if a square beam measure 
twicb ais much, on the side as another of 
equal length, it would be sixteen times 
as stiff. In other words, it will sustain 
sixteen times the weight, without bend- 
ing. 

" • .- I ■ ; ■ 

But, if a square; beam be twice as 
much on the side as another, both being 
the same length, it will be only eight 
times stronger. ., 



• '» 



Hence we see, that when beams or 
shafts are of equal lengths, their stiffness^ 
by any increase of. jthickness, increases 
in a higher proportion than their strength. 

\. ^?Th9i is, as |h§ .fmbei o^ ihe.&ide jof li iqnare beam, 
mi IB general the * lateral^ strength of any beams 
who^ sections are fimilar, as the cube of the simihor 
fides W diameters d^ tbe'seafdns. *' ' 
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If a beam or. shaft be four inches 
square throughout, and another five 
inches, both of equal lengths ; what is 
their compariative 5^j/^55 ? 

The cube of 4, is 64, 

64 X 4 = 256, 

The cube of 5, is 135, 

-l!^5 X 5 «= 625, 
That is, the shaft of five inches is 
nearly two and a half tinges stifFer^ than 
that of four ; in other words, it ' would 
require nearly iwo and a half Wxm» 
the weight, to bend it. 



EXAMPLE IX. 



If a beam or shaft be four i Aches 
square throughout, and another five 
inches, both of equal lengths; wliat is their 
comparative strength? 

. Xt^cttbe. pf 4> isi54,k 
The cube of 5, is 125> — 



« 
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That is, the five inches shaft, is nearly 
twice a% strong, as that of four inches ; 
in other words, it would require nearly 
doilblQ tbe weight, to break it ' • 



PROPOSITION III. 

I. 



(26) Any beams of different lengths^ have 
their stiffness directly as the breadth^ and 
the cube of the depths, and inversely, as the 
cube of the lengthi and have their strength 
directly as the breadth^ and as the square 
of the depths and inversely as the length*\ 
(Youpg, vol. ii. p. 50, (jrregory, voL i. p. 
106). ' :■ 

Thus, if a beam be twice as long as 
another, of the same breadth and depth, 
it will have only one eighth of the stiffness, 

* *' This is not atrict]y tirue in practice/ for some 
experiments appear to sbow^ that the streivgth is di« 

I 

minished, in a proportion somewhat greater than that 
in which the length it increased'' (Young's Nat. Phit. 
ifol. ii. page 147). / 
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while it will have one half of the strength. 
Hence the. stiffness of shafts or. beams 
by any increase of their leiigth, decrease" 
in a much higher proportion than that' 
of their strength. - 



EXAMPLl U 

Suppose a beam or shaft, four feet 
long and four inches square throughout, 
and another eight ffeet long and 7 inchea 

square ; what is their comparative stiflE- 

, , «... 

nesi? 

» ... 

The cube of 4 feet, is 64^ 
. The cube of 8 feet, is 512, 

■ . t, < . 1 

512 divided by oi, is equal to 8, that is^ 
when we double me length, we decrease 
the stiffness eight times. . , 

• ■■.'.: . '•. 

-....'•••■ . • ' 

- The tube of 4 inches is 64, which muV 
tiplied by 4 is equal • to ' 256, a iiumb€|r 
l^epfeseifthig the stiffnesfs of tUe foiir inch 
shaft.'-, -^v^- •■•-■•^ ^•'-' ..' '' ^ ■' '' ^ ; 



80 Jht Bssoiif OB 

The cube of 7 iuehes is 34S, multiplied 
by 7 is equal to 240l,divided by 8 isequal 
to 300.1, then as 25$ is to 300.1, so is the. 
stiffoess<of the shaft of four ioches to that 
of a shaft of sreven inches. 



EXAIiPLB II« 



Suppose a beam or shaft, four feet long 
arid three inches square, and another 

■ 

eight feet long and seven inches square, 
what is their comparative strength. 

Thfe cube of 4 is 64, which represent* 
the strength of the four inch shaft. 

The cube of 7 is 343 ; but the shaft 
being of double length, we must half thi* 
fum,'to find the number representing its 
strength, viz. 343 4- 2 =s= 171.5 divided 
by lOQ, that is, as sixty-four is to a hun*- 
dred and seventyrone and a half, so is 
the strength of the short shaft, to that of 
the long. Thus the shaft of seven inches, 
eight feet long, has nearly two and six 
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tenth times the strength, as the four inch 
four feet long* 



PRO PCS IT tow tv, 

(27) Supposing a tnbe^ indefinitely thin^ t^ 
be esapanded into a similar tube of a greatet 
diameter^ but of equal lengihSy the quantity 
of matter remaining the same^ the stiff- 
ness will be increasedj in the* ratio of the 
square of the diameter j and the sTRExaTll 
in the ratio of the diameter. 

Thus, if the one tube be double 
the diameter of the other, it will have 
four times its stiffness^ but only double the 
strength. 

Hence, hollow cylinders of .equal 
lengths, by any increase of diameter, in- 
crease in stiffness^ in a muchjiigber pro- 
portion than in strength. 

* RatiO; that is proportion. 
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EXAMPLE I' 

Suppose two thin narrow cylindrical 
cast-iron shafts, oiF equal lengths and 
weights, the one one f6ot diameter, and 
the other three feet diameter, required 
their compgirative stiffness. 
The square of one is one, 
The square of three is nine, 
that is, the shaft of three feet diameter, 
is nine times stiffer than that of one 
foot. 



EXAMPLE II. 

Suppose the same shafts, as in example 
first, required their comparative strength ? 

Diameter one foot, 

Diamtter three feet, 
that is, the three feet shaft is just three 
times stronger, than that of one foot dia« 
meter. 
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(28) In these examples, we have sup- 
posed- the weight of the shafts equal; that 
is the area of their ends to be equal, but 
the strength of any of them would be 
increased in proportion to their weight, 
or the areas of their ends and diameters^ 
conjointly (Gregory, vol. i. p. l(^.) 

Thus suppose two Shafts of equal 
length and diameter^ the one double the 
weight of the other, it will be double the 
strength. 

(29) Professor Robison justly observes, 
" That this property of hollow tubes is 
accompanied also with greater stiffness, 
and the superiority in strength and stiff 
ness is so much the greater, as the sur-* 
rounding shell is thinner in proportion to 
its diameter. Here we see the admirable 
wisdomof the Author of nature in forming 
the bones of animal limbs hollow. The 
bones of the arms and legs have to per- 
form the office of levers, and ar6 thus op- 
posed to very great transverse strains. 
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By thv form they become iticomparably 
stronger and stiffer, and give more room 
for the iosertibn of muscles, while tliey 
are lighter and therefore more agile; afid 
the same twisdofA has made use of this hc^ 
low for other valuable purposes of the ani*« 
mal ecoubmy. In like manner the quiUjBim 
the wings of birds acquire by their thin- 
nest the very great strength which is ne- 
cessary,- While they ate «^ light as to give ; 
^Mcient buoyancy tc> the animal) m the 
rare medium in which it must livqf and 
fly about. The stalks of many plants, / 
such as all the grasses, ^and many ifee^ds, 
are in Hfee manner hdjli^w'a and thiis- pbsf* 
sess an extraordinary strength; (Encyv 

Brit, article strengtb.l^ ' 

... , 

Long before this eminent' Pbiloso^pber, 
the celebrated Gal ileo made iniBttaa ofa^ 
servationis^' and goes on to say that f* if a 
T^heat straw, which supports an ear tbait 
is heavier thaii the whole stalky were 
madeof the same qiian^tity of tna^rrjoati 
solid, it would beftd or break wStfc iar 
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greater ease than it now does. And with 
the same reason art has observed and 
experience confirmed, that a hollow cane 
or tube of wood or metal, is much stronger 
and more firm than if, while it continued 
of the same weight and length, it were 
solid, as it would then of consequence be 
not so thick. 

It may be proper now to consider the 
effects called Stress^ which are produced 
on beams or shafts lying horizontally 
by weights or pressures brought on va- 
rious parts of them. 



SECTION II. 



Of Lateral Stress. 



(30) The Stress or Strain are t^rms used 
to express* the force whicl^ i$. excited iii 
toy body tending to breftk it*. The meaja- 
iugof the term i$/rc«iifiay perlMfsbo more 
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icleariy understoood by contrasting it 
with the term Strength. 

Strength f as we have already observed, 
is the property which reidsts fracture. 

Stress is that which has the tendency 
TO PROBV CIS, fracture ; and Lateral Stress^ 
is that particular application of it, which 
has the tendency to break a body across. 



PROPOSITION V. 

(31) The Stress on a beam armng from 
one weight hung upon it^ is proportional to 
the rectangle q/ the parts of the beam, and is 
greatest when the load is laid on the middle 
of the beam. (Ency. Brit, art. Roof, § 190 

What is meant by the expression rect^ 
nngle of the parts, is the product of the 
parts multiplied into each other. Thus 
for example ; if a beam be ten feet long, 
and the weight hung two feet from one 
Old, the parts are 2 and 8, which multi- 
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pRed together, is equal^ to 16 ; but sup- 
posing the weight were hung in the mid- 
dle, the parts are 5 and 5, which multi- 
plied together would produce 25. 

(32) The ends of beams having the- 
whole weight to support ; the end which is 
nearest the weight, has to support the 
greatest proportion of it, in the inverse 
proportion of the distance of the weight 
from the end. This will be easily under- 
stood from the properties of the lever. 
For, suppose the bearii instead of being 
supported by two props or walls, as in 
fig. 9^ No. 1 , to be hung at each end f5pom 
a rope, as in fig. 9* No. 2, it is plarnr 
that the beam would receive the same 
support, and suffer the same Stress, as if 
lying on props or walls : now suppose the 
weights A and B, to balance the weight 
W, A and B, taken together, must be 
equal to W, but A must be greater thaii 
. BislD proportion as W is near to it. 






(33) Bence when any beams or shafts 
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are loaded exactly in the middle, each of 
the ends of the beams or gudgeons of 
the shafts has half the weight to sup-^ 
port, and when the weight is nearer one 
end, the end or gudgeon to .which it is 
Bearest, has the stress in the inverse pro^ 
portion of the distance. In this last case 
therefore the one gudgeon should be 
smaller than the other, 

(34) ^* We may always consider the 
weight which is uniformly diffused over 
^ny partof a beam as united in the middle 
of that part, and if the load is not uni-^ 
formly di£fused, we may suppose it united 
at ite centre of gravity." (En, Brit, article 
llpof %m) 

(35) It is evidently of injportance that 
a beam or shaft should in every part be 
able to.resist the strain excited in that 
partt ■* It should therefore be equally 
strong, because the piece will nevertheless 
lireak where it is not stronger through- 
WX% suad it is ucseless to make it stronger 



/• 
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(relatively to its strain) in any part, or it 
will nevertheless equally fail in the part 
that is too weak/'\ (Ibid.) 



(36) Prom what we have said respects 
ing lateral stress, it is evident that when iS 
beam lying between two props is loaded 
at some intermediate part, that part has 
to sustain more stress than the ijest. in 
order to resist this strain therefore, and 
to render the beam equally strong through- 
put, it should have its section enlarged 
at the place of greatest stress, and hence 
j^afts subject to lateral stress^ should 
swell in the middle, and it will be found 
that when each section i^ made propor-* 
tional to the stress it has to sustain that 
the sides of the shaft will form curves, 

r 

(37) When the transverse section's 'of 
a beam are 'all similar, such as circles^ 
squires, or polygons, and the weight if 
laid on one place, in order to m^kC: it 
equally strong throughout its length, the 
curve of;tiie sides of the beam beoomes 



■ I 



I 

90 An Essoff on 

what Mathematicians call a cubical para* 
bola. (Ency. Brit. Strength of Materials, 
87.) But when the weight is uniformly 
diffused all over the beam, the sides of 
the beam must be a different parabolic 
curve called a semicubical parabola.* 

We come now to examine some of the 
laws respecting Twisting, or Torsion. 

SECTIOlSr III. 

Of Torsion. 

PROPOSITION VI. 

(38) In general the strength of a cylmn 
der or solid aale hy which it resists being 
wrenched asunder hy twisting is as the cub6 
of its diameter. (Enc. Brit. art. Strength 
of Materials, 123.) 

Thus if a solid cylinder be double the 
diameter of another,it would requireeight : 
times the force to wrench it asunder. 

* *' The parabola is a conic section^ arising from a 
tone being cut by a pkne parallel to one of its sides, 
or parallel Id a plane t^at touchejs one^side of the 



conei** 
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Of Hollow Axles. 

(39) Hollow Axles are stronger to re- 
sist twisting than solid ones containing 
the san\e quantity of m^ttei'. For if a. 
hole be bc^ed out of an axle of half its 
diameter, this reduces its weight one 
fourth (because circles are to one another 
as the squares of their diameters), but the. 
strength of solid cylinders being a^ the 
cubes of their diameters the part, taken 
put by boring had only the eighth part 
of the strength of the whole cylinder 
and therefore when taken out would 
reduce the strength of the whole one 
eighth. 

Thus let the external diameter of the 
Hollow Axle be five inches, and that of 
Ibe hollow part of it four inches, then 
the diameter of another cylinder made 
solid, having th6 same quantity of metal 
with the tube, is three inches. 
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For 5 multiplied by 5, is equal to 25. 
4 multiplied by 4, is equal to 16, 

Difference 9- 

'The square root of 9 is 3. The strength 
irf the solid cylinder of five inches dia- 
meter may bei expressed by the •cube of 
5, or 125. Of this the internal part four 
inches diameter exerts 64, that is,, the cube 
of 4 ; therefore the strength of the tube is 
64, isubtracted from 125, is equal to 6l, 
biit the strength of the solid axle of the 
same quantity of matter^ and three in- 
ches diameter is expressed by the cube 
of 3 or ^7 9 which is nothalf of that of the 
tube.' (En. Brit. art. Strength of Mate- 
rials, 124.) 

(40) The superiority of strength of 
hollow tubes over solid cylinders is much 
greater in resisting torsion than transverse 
or lateral stress. We have seen above, 
that the strength to resist' torsion of the 
tube was to that of the cylinder ai sixty- 
one is to twenty*s€ven ; but Professor 
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Robis(»i estimatesy that their strength to 
resist . transverse strain , is only as sixty- 
one is to thirty-two and a half nearly— 
and if we calculate according to Mr. Gre* 
gory*s corollary, vol. i. page lOp* (see 
No. 28 of this Essay) the result will be 
still more in favoui: of strength to resist 
torsion, for^ by the ^ last mode of calcur 
lation the tube would be to the cyliade^ 
only as. forty-five is to thirty-six ; but the 
Professor's mode of calculation^ thougU 
less simple, is probably more accurate 
than that above alluded to. 

(41) Professor Robison mentions (in 
En. Brit. Article Strength of Materials, 
§ 128) that " when the matter of the 
axle is of thie most simple texture, such 
as that of metals, we do. not conceive that 
the lengjtb of Ibe axle has any influence 

on the firactufe. It is otherwise if it be 

, ••■■■- 

a fibrous texture, like timber ; the fibres 
are beat before breaking, being twisted 
into spirals like a cork screw. The length 
of tlie axle has somewhat qf the influence 
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of a lever in this case, and it is easier 
wrenched asunder if long. — ^Accordingly 
we have found it so ; but we have not 
been able to reduce this influence to 
calculation/' 

Having thus stated these laws, as far 
as seems to be necessary for the purpose 
of our present inquiry, it may be pro- 
per next to endeavour to apply liiem 
more particularly to practice, With re- 
gard to the proportion of shafts. 



SECTION IV 



Of the Proportion of Shafts. 

(42) It was already observed (No. 10) 
that the gudgeons or journals having to 
support'the whole stress of the ^hafts to 
which they belong, their diameters being 
determined, serve to guide in determin- 
ing the proportions of the whole shafts 
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They are subject to wear, which the body 
seldom is. They ought, therefore, to be 
sufficiently large to allow for that wear, 
tt frequently happens, th^t a shaft has 
no lateral pressure excepting that which 
arises from its own weight, for instance, 
in a line of coupled horizontal shafts 
conveying motion to a distance. In the 
case of vertical shafts also there is often 
little or no lateral stress. In such cases, 
when solid cast iron shafts are of mo- 
derate lengths, 4t is found from expe<- 
rience, that making them square of the 
same size throughout, between the jour- 
nals, and the measuring a little more on 
the side than their diameters, gives them 
sufficient stiffness. Even where there is 
considerable lateral stress when the shafts 
are but short, making them in this man- 
n'^r is found ^ to give sufficient stiffiiess. 
This square form, in many cases, affords 
great convenience for hanging or fixing 
wheels, pulleys, &c. upon theip. 



(43) Tfa^ gudgeons of inrater wheels 



r*- 



\ 
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are often so near the wheel, that the sttest 
is, in a great measure, taken off the shafts 
Hence some water wheels are mad^ 
without shafts, the guc^geons being fixed 
to the arms at each side of the wheel. 
The sole of the wheel, in these cases, may 
b^ considered as a large hollow ospU. 

Cast Iron Shafts. 

I - ■ ■ ' 

(44) 1st. Let us now suppose a square 
cast iron shaft required to be made eight 
feet long, with gudgeons four inches 
diameter, having considerable lateral 
stress in the middle — were the shaft of 
equal size throughout, it would evidently 
be weakest in the middle. Its section, 
in that place, ought therefore to be in- 
creased. We have already seen (No. 42) 
that square shafts, when short, are suf- 
ficiently stiff, if made as large as, the 
gudgeons ; this shaft may therefore be 
four inches square at the end. Supposing 
the section in the middle enlarged to five 
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inches, sweDing with a regular curve 
(No. 87,) from each end (by Prop. 2d.) 
Then 

The cube of 4 is 64 

The cube of 6 is 125 
that is nearly double. — Therefore, the 
strength of shafts being inversely as their 
length (Prop. 3d) the section as thus in- 
creased, would make the eight feet shaft 
nearly as strong as a shaft subject to the 
same stress, only four feet long and four 
inches in the middle. 

Let us next see what would be the 
stiffness of this shaft, as thus swelled in 
the middle, to five inches. Then (by 
Proposition 2d), the cube of 4 is 64, 
which, multiplied by 4 is equal to 256. / 
The cube of 5 is 1^5, multiplied by 5, is* 
equal to 625 ; therefore, the stiffness 
being inversely as the cube of the 
lengths— 

The cube root of 256 is 6.8 
The cube root of 625 is 8.5 
Therefore, the section^ as thus increased^ 



> 
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would make the eight feet shaft about as 
fitiff AS one of six feet, subject to the same 
stress, and four inches throughout. 

t 

V 

(45) 2d. Let us. next suppose the 
point . of greatest lateral pressure to be 
two feet from one end^ 

» ■ .. ' 

From the properties of the lever, the 

^^geon next the point of greatest pres^ 

sure lias three-fourths of the whole to 

sustain. 



Now the cube of the diameter of ithc 
gudgeon is 64 ipultiplied by 2, is eqasl 
to 128, which represents the strength of 
both journals taken together. 
3-4ths of 128 is equal to 96. 

The? cube root, of 96 is 4.578, th^ dia- 
m^tef which the largest gudgeon ought 
to have — - „ . • * 

l-4th of 12y8 is 32. 



-■. A 



The cube root of 82 is equal to S. 174, 
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the diameter which the smallest gudgeon 
ought to have, or that furthest from the 
point of pressure. 

Having thus obtained the diameters of 
the two gudgeons, each end of the shaft 
may be made square, equal to its respect 
tive gudgeon {No* 42). 

:■•■'■'•' y- ■ - ■ 

^Vhe stress on the shaft being as the 
rectangle of the parts^ (P^9P* 5) ; in this 
case it is less than the former, as twelve 
is to sixteen — ^for foiir feet multiplied 
by four feet is equal to 16, which ex- 
presses the stress when in the middle— -6 
feet' multiplied by two feet is equal to 12, 
which expresses the stress when two feet 
fromoneend. 

This shaft would therefore be as strong 
as the former, if its greatest section were 
reduced to 4.54 : 

For the ciibe of 5 is 125, as 16 : 12 : : 126 
98.75, the cube root of which is 4.54. 



.*•'■>.•. 
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■ It would be as stiff as the former, if 
its greatest section were reduced to about 
4.65: 

For the cube of 5 is equal to 125 ; mul- 
tiplied by 6 is equal to 625^ which ex- 
presses the stifiiiess'of the former ehaft^ 
as 16 : 12 : : 625 :, 468.75, which expressed 
the required stiffness ; and the cube of 
4.65, is equal to 100.544625, which, 
multiplied by 4.654, is equal to 467.984, 
which is nearly equal to the required 
stiffness. 

» ■ . » - 

By examining shafts in this way, thci 
mill-wright, according to the nature of 
the case, will be enabled to judge how 
much they should swejil at the place of 
greatest stress. 



Wooden Shafts. 

(46) 3d. Suppose a cast iron shaft 
five inches square at the point of 
greatest lateral stress— required the size 
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it sbould be when miule of oak to have tbe 
same strength. ,.,. 

The cube of 5 is 125. 

Cast iron is four times stronger than 
oak— •*(See Banks on Powers of Macbinecf^ 
&e. p. 94.) therefore 125 •+- 4 =:= 500. 

The cube root of 500 is 7* 9S inches. 

(47) 4th. Required the -size fxf a fif 
shaft to have the same strength as the 
cast iron. 

The cube of ^ is 125. 

• - 

Cast iron — 5.5 times stronger than fit 
(ibid.) therefore, 125 -h 5.5 = 687.6 ; the 
cube root of 687.5 is equal to 8.82, an- 
swer, 

(48) In the same manner we might 
examine various kinds of cylindrical 
shafts, but I presume what I have al- 
ready s^id will suffice. In order to shew, 
however; that considerable allowance 
should Jbe made for accidental stress, I 
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may mention the; following fuct which 
lately occurred. 

(49) The hollow shaft of a water-wheel^ 
in consequence of one of the gudgeons 
getting loose, broke quite throughrnewr 
one end, although it was |6 inbhes dia- 
meter, and two inches thick in the shell — 
(See No. 18, 1st Table of Gudgeons). 
The gudgeons of this shaft were not se- 
cured by jflanches. 

(50) Hollow cylindrical sh^ts are often 
made of equal size throughout, in order 
to get large flanches, the better to secure 
thi gudgeon. 



'''■\ ■'.-< 



Shafts subject to Torsion. 

-'•«•»..; ■ • • 

^51) We saw (No. 41) that the kngth 
of a cast iron shaft has no influence on 
its resistance to Torsion— -and I have 
already said all that seems to be neces- 
sary respecting them. The case is, how* 



r 
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ever,, different with regard to wooden 
shafts ; but we are yet in want of facts to 
reduce the influence which their length 
may have, to calculation. As it may give 
^ome idi3a of this influence, I beg leave 
tp state one fact which came recently 
under my observation. 

ft • , 

A shaft about 15 feet lotfg, made of 
i|r,.had cast iron journals ^^V dilitneter-~^ 
(See G. Table of Jour^^ls) one of the 
journals broke from fair stire^s after 
working about 16 years ; for a consider- 
able time before it broke, the resiiistance 
was equal to 7 horsps' power, majdng 
1 1 J- re v;olution$ per nainute; • It gradually 
wore until it broke ; when thai Jiappened? 
the shaft seemed strained to the utmost, 
so that it ' might be reckoned as just 
equal in strength to the« gudgeon ; the 

shaft was 9t inx:hes square* 

The cube of 9f is 926,^ 
926 » divided by 5.5 (No. 47) is 16.8; 

Cube root of 16.8 is 2.6. That is, the fix 
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shaft would be equal to resist the slame 
lateral stress as a square cast iron sh^ 9»S 
on Uie side. 

The cross-tailed ^dgeoris of wooden 
shafts commonly require them to he made 
sufficiently large t<^ withstand the stress 
which is brought upon them ; often in- 
deed, formerly, they were much weakened 
by ^ortieesiut thLgh them for insert- 
ing the arms of wheeb; this pr«A5ce is now. 

'J 

however, almost entirely abandbned. 

* - ■ " •■ 

• . » . . . * «^ • ■ 

I hope some tables which I have an- 
nexed respectipg the strength of several 
substances, will be acceptable to the read- 
er ; the table of ^uares and cubes ; as 
also the square roots and cube roots, of ^ 
numbers from one to 1000, which I have 
taken the liberty to extrapt from Dr 
Hutton's " Course of Mathematics,'* wiU 
be found yery useful on many occasions. 
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Kuober 


Square. 


Cube. 


Square Itoot, 


Cube Root. 


1 


i 


1 


1 '0000000 


l-OOOOOO 


2 


4 


8 


1-4142136 


1-259921 


3 


9 


27 


1-7320508 


1-442250 


4 


16 


64 


2-0000000 


1-587401 


5 


25 


125 


2-2360680 


1-709976 


6 


36 


210 


2-4404897 , 


1-817121 


7 ■ 


49 


343 


2-6467513 


1-912933 


8 


64 


512 


2-8284271 


2-000000 


9 


81 


729 


s-oowoooo 


2-080084 


10 


100 


1000 


3-16-^2777 


2-154435 


11 


121 


1331 


3-3166248 


2-223980 


12 


144 


1728 


3-464! 016 


2-'2ii9428 


IS 


169 


2197 


3-6055513 


2-35 J 335 


14 


196 


2744 


3-7+i6574 


2-410142 


15 


225 


3375 


3-8729S33 


2-466212 


16 


256 


4096 


4O000000 


2-519842 


17 


289 


4913 


4-1231056 


2-571282 


18 


324 


5832 


4-2426407 


2-620741 


19 


S61 


6859 


4.-3588989 


2-668402 


20 


400 


8000 


4-4721360 


2-7 14418 


21 


441 


9261 


4-5825757 


2-758923 


22 


48-t 


10648 


4-6904158 


2-802039 


23 


529 


12167 


4-7958315 


2-843807 


24 


576 


. 13824 


4-8989795 


2-884499 


25 


625 


15625 


5-0000000 


2-924018 


26 


676 


17576 


5-0990195 


2-9624S6 


27 


729 


19683 


5-1961524 


3-000000 


28 


78+ 


21952 


5-2915026 


3-036589 


29 


841 


24389 


5-3851648 


3-072317 


30 


900 


27000 


5-4772256 


3-107232 


31 


961 


29791 


5-5677644 


3.141381 


32 


1024 


32768 


5-6568542 . 


3-174802 


33 


1089 


35937 


5-7445626 


3-207534 


34 


1156 


3930* 


5-8309519 


3-239612 


35 


1225 


42875 


5-9160798 


3-271066 


36 


1296 


46656 


6-0000000 


3-301927 


37 


1369 


50653 


6-0827625 


3-332222 


38 


1444 


54872 


6-1644140 


3-361975 


39 


15-21 


59319 


6-2449980 


3-391211 


40 


■ itioo 


64000 


6-3245553 


3-4 1995a 


41 


1681 


08921 


6-4031242 


3-448217 


42 


1764. 


74088 


6-4807407 


3-476027 


43 


1849 


79507 


6-5574385 


3-503398 


44 


1936 


85184 


6-6332496 


3-530348 


*5 


2025 


91125 


6-7082039 


3-556893 
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Number 


Square. 


Cube. 1 


Square Root. 


Cube Root. 


46. 


2116 


97336 


6-7823300 


O OOvKrvO 


47 


2209 


103823 


6'b55e5iJ^ 


8-608826 


48 


.2304 


110592 


6-9282032 


3-634241 


49 


'2401 


117649 


7-0000000 


3-659306 


50 


2500 


125000 


7-0710678 


3-684031 


51 


2601 


132651 


7-1414284 


3-708480 


.52 


2704 


140608 


7-2111026 


3-732511 


SS ' 


2809 


148877 


7-2801099 


. 3-756286 


54 


2916 


157464 


7-3484692 


3-779763 


55 


3025 


166375 


7-4161985 


3-802953 


56 


3136 


175616 


7-4833148 


3-825862 


57 


3249 


185193 ^ 


7-5498344 


3-848501 


58 


3364 


195112 


7-6157731 


3-870877 


59 


3481 


205379 


7-6811457 


3-892996 


■ 60 


3600 


, 21G0OO . 


7-7459667 


3-914867 


61 


3721 


226981 ; 


7-8102497 


3-936497 


62 


3844 


238328 . 


7-8740079 


3-957892 
: 3-979057 


63 


3969 


250047 \ 


7-9372539 


64 


4096 


262144 


8-0000000 


4-000000 


65 


4225 


274625 , 


. 8-0622577 


4-020726 


66 


4356 


-237496 


8-1240384 


4-041240 


67 


4489 


300763 


8-1853528 


4-061548 


68 


4624 


314432 


8-2462113 


4-081656 


69 


4761 


32l$509 


8-3066239 


4-101566 


70 


4900 


343000 


8-3666C03 


4-121285 


71 


5041 


357911 


8-4261498 


4-140818 


72 


5184 


373248 


8-4852814 


4-160168 


73 


5329 


389017 


8-5440037 


■ 4-179339 


74 


547G 


405224 


8-6023253 


4-198336 


75 


5625 


421875 


8-6602540 


4-217163 


76 


5776 


438976 


8-7177979 


4-23,5824 


77 


5929 


. 456533 


87749644 


4-254321 


78 


60^4 


474552 


8-8317609 


4-272659 


79. 


6241 


493039 


8-8881944 


. 4-290841 


80 


6406 


512000 


8-9442719 


4-308870 


81 


6561 


531441 


9-0000000 


4-326749 


82 


6724 ' 


551368 


9K)5.5385l 


4-344481 


83 


6889 


571787 


9-1104336 


4-362071 ' 


84 


7056 


592704 


. 9-1651514 


4-379519 


85 


7225 


614125 


9-2195445 


4-396830 


86 


7396 


636056 


9-2736185 


4414005 


87 


7569 


658503 


9-3273791 


4-431047 


88 


7744 


681472 


9-3808315 


4-447960 


89 


7921 


704969 


94339811 


4-464745 


90 


8100 


' 729000 


9-4868330 


4-481405 
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Number 


Square. 


Cube. 


Square Root. 


Cube Root. 


91 


8281 


75S57J 


9-5393920 


4-497942 


92 


8464 


778688 


9-5916630 


4-514357 


93 


8649 


804357 


9-6436508 


4-530655 


^ 


8836 


830584 


9-6953597 


4-546836 


95 


9025 


857375 


9-7467943 


4-562903 


96 


9216 


884736 


9-7979590 


4-578857 


97 


9409 


912673 


9-8488578 


4-594701 


98 


9604 


9*1192 


9-8994949 


* 4-610436 


99 


9801 


970299 


9-9198744 


4-626065 


100 


10000 


1000000 


10-0000000 


4-641589 


101 


10201 


lasosoi 


10-0498756 


4-657010 


102 


10404 


1061208 


10K)995049 


4-672330 


103 


10609 


1092727 


10-1488916 


4-687548 


10* 


10816 


1124864 


10-1980390 


4-702669 


105 


11025 


1 157625 


10-2469508 


4-717694 


106 


11236 


1191016 


10-2956301 


4-732624 


107 


11+49 


12^5043 


10-3440804 


4-747459 


108 


11664 


1259712 


10-3923048 


4-762203 


!09 


11881 


1295029 


10-4403065 


4-776856 


110 


12100 


1331000 


10-4880885 


4-791420 


in 


12321 


1367631 


10-5356538 


4-805896 


112 


12544 


1404928 


10"5830052 


4-82028+ 


113 


12769 


1442897 


10-63014.58 


4-834588 


U* 


12996 


1481544 


106770783 


4-848808 


lis 


13225 


1520875 


10-7S38053 


4-862944 


116 


13456 


1560896 


10-7703296 


4-876999 


117 


13689 


1601613 


10-8166538 


4-890973 


118 


13924 


1643032 


10-8627803 


4-904868 


U9 


14161 


1685159 


10-9087121 


4-91 86a5 


120 


14400 


1728000 


10-9544512 


4-932424 


121 


14641 


1771561 


11-0000000 


4-946088 


122 


14884 


1815848 


11-0453610 


4-959675 


123 


15129 


1860867 


11-0905365 


4-973190 


124 


15376 


1906624 


11-1355287 


4-986631 


125 


15625 


1953125 


11-1803399 


5-000000 


126 


15876 


' 2000376 


11-2249722 


5-013298 


127 


16129 


2048383 


11-2694277 


5-026526 


128 


16384 


2097152 


11-3137085 


5-03968-1. 


129 


16641 


21466S9 


11-3578167 


5-052774 


130 


16900 


2197000 


11-4017543 


5-065797 


J31 


17161 


2248091 


11-4455231 


5-078753 


132 


17+24 


2299968 


11-4891253 


5-091643 


133 


17689 


2352637 


11-5325626 


5-104469 


134 


J 7956 


2406104 


U-.5758369 


5-1172S0 


195 


18225 


2460375 


11-6189500 


5-129928 





r 




" '^ 
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1 




Number 


Square. 


Cube. 


Square Root. 


Cube Root. 


™ 


136 


18496 


2515456 


11 -6619038 


5-142563 




137 


18769 


2571.153 


11-7046999 


S-1S5137 






138 


19044 


2698072 


11-7473444 


5-167W9 






139 


19321 


2685619 


11-7898261 


5-180101 






IW 


19600 


2744000 


11-8321596 


5-192494 






111 


19881 


2803221 


11-8743421 


5-204828 






U2 


20164 


2863288 


11-9163753 


5-217103 






143 


2M49 


2924207 


1 1-9582607 


5-229321 






144 


20736 


2985984 


12-0000000 


5-241482 






145 


21025 


3048625 


12-0415946 


5-253588 






146 


21316 


3112136 


12-0830160 


5-265637 






147 


21609 


3176523 


12-1243557 


5-277632 






148 


21904 


.3241792 


12-1655251 


5-289572 






149 


22201 


3307949 


12-3065556 


5-301459 






150 


22500 


3375000 


12-2474487 


5-313293 






151 


22801 


3442951 


12-2882057 


5-325074 






152 


23104 


351 1808 


12-3288280 


5-336803 






15S 


23409 


3581577 


12-3693169 


5-34848! 






154 


23716 


3652264 


12-4096736 


5-360108 






155 


24025 


3723875 


I2-+498996 


5-371685 






1.56 


2M36 


8790*16 


12-4899960 


5-383213 






157 


2t649 


3869893 


12-5299641 


5-394690 






158 


24964 


3944312 


12-5698051 


5-406120 






159 


25281 


4019679 


12-6095202 


5-417501 






160 


25600 


4096000 


12-6491106 


5-428835 






161 


25921 


4173281 


12-6885775 


5-440122 






162 


26244 


4251528 


12-7279221 


5-451362 






163 


26.569 


4330747 


12-7671453 


5-462556 






164 


26896 


4410941. 


13-8062485 


5-473703 






165 


27225 


4492125 


12-8452326 


5-4S4806 




' 


166 


27556 


4574296 


12-8840987 


5-495865 






167 


27889 


4657463 


12-9228480 


5-506879 






168 


28224 


4741632 


12-9614814 


5-517848 






169 


28561 


4826809 


13-0000000 


5-528775 






170 


28900 


4913UIKJ 


13-0384048 


5-5396S8 






171 


292 U 


5000211 


13-0766968 


5-5.50499 






172 


295S4 


5088448 


13-1148770 


5-561298 






173 


29929 


5177717 


13-1529464 


5-572054 






174 


30276 


5268024 


13-1909060 


5-582770 






175 


30625 


5359375 


13-2287,566 


5-593445 1 




^^ 


176 


30976 


51.51776 


1.1-2664992 


5-604079 






177 


31329 


5.545233 


13-3041347 


5-614673 




^^1 


ITS 


31684 


5639752 


13-3416641 


5-625226 




^^1 


179- 


32041 


5735339 


13-3790882 


5-635741 




^^1 


1S(I 


33400 


5832000 


13-4164079 


5-646216 


^^H 


L 


■1 






^^ 




1 
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Nuraberl 


Square. 


Cube. 


Square Hoot. 


Cube Ruot. 


lai 


32761 


5929741 


13'4.5.'i(j^) 


5-(>56652 


182 


3:il24 


602856S 


13-4907376 


5-667051 


183 


8;i4.89 


6128+87 


13-5!i77493 


5-677*11 


164 


3.1856 


622950* 


I3-.5646(K)0 


5-08773* 


185 


34225 


633162.5 


13-601*705 


5-698019 


186 


S\S^ 


6*348.56 


13-6381817 


5-708267 


187 


3*969 


6539203 


l3-67479*:i 


5-718479 


188 


3534.* 


6644672 


18-7113092 


5-72865* 


169 


35721 


6751269 


13-7477271 


5-73879* 


190 


36100 


6859000 


13-78*0*88 ■ 


5-7*8897 


191 


36481 


6967871 


13-8202750 


5-758965 


192 


3686* 


7077888 


13-8564065 


5-768998 


193 


372*9 


7189057 


1S-89241.*0 


6-778996 


19t 


S7636 


7S01384 


13-9283883 


5-788960 


195- 


3802.5 


741*875 


13-96*2400 


5-798890 


196 


38*16 


7529536 


1 3-0000000 


5-808786 


197 


38809 


76*5373 


14-0356688 


5-8186*8 


198 


3920* 


7762392 


14-07 12473 


5-828*76 


199 


S9601 


7880599 


1*- 1067360 


5-838272 


200 


40000 . 


8000000 


14-1421356 


5-848035 


201 


40*01 


8120601 


U- 1774469 


5-857765 


202 


40804 


8242+08 


14-2136704 


5-867+6+ 


203 


41209 


8365+27 


14-2478068 


5-877130 


204 


41616 


848966* 


14-2828569 


5-886765 


205 


42025 


8615125 


14-3178211. 


5-896368 


206 


42436 


8741816 


14-3527001 


5-905941 


207 


428*9 


88697*3 


14-3874946 


5-915481 


208 


43264 


8998912 


U-4222051 


5-924991 


2C9 


43681 


9I2S329 


14-*368323 


5-93*473 


210 


44100 


9261000 


'l*-*9I3767 


5-9+3911 


211 


+4521 


9393931 


14-5258390 


5-953341 


212 


5+94* 


9,528128 


14-5602198 


5-962731 


213 


45369 


966S597 


14-5945I95 


5-972901 


21* 


+.5796 


980031-1 


14-6287388 


5-981426 


215 


+6295 


9938375 


14-6628783 


5-990727 


216 


+6656 


10077696 


14-6969385 


6-000000 


217 


47089 


10218313 


14-7309199 


6-0092++ 


218 


47.521. 


10360282 


14-76*8231 


6-018+63 


2l9 


47961 


10303459 




6-0^7650 


220 


+8*00 


10648000 


14-8323970 


6-036311 


221 


*8S41 


10793861 


14-8660687 


6-0*5943 


222 


+9284 


109*1048 


l*-89966+* 


6-05,5018 


283 


+9729 


11089567 


1*-93318*5 


6-06H26 


22+ 


50176 


H2394^ 


1+-9666295 


6-073177 


225 


50fi25 


11390625 


15-0000000 


6-082201 
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Number 


Square. 


Cube. 


Square Hoot. 


Cube Hoot. 


226 


51076 


11543176 


15-033296+ 


6-091199 


227 


51529 


1 1697083 


15-0665192 


6-100170 


288 


51984 


11852352 


15-0996689 


6-1091 !5 


229 


52++ 1 


12008989 


15-1327460 


6-1I80:J2 


230 


52900 


1 2167000 


15-1657509 


6-126925 


231 


53861 


12326391 


15-1986842 


6-136792 


232 


5382+ 


12487168 


15-2315462 


6-14463+ 


233 


5+2R9 


12849337 


15-26+3375 


6-1.53449 


23* 


54756 


12812904 


15-2970585 


6-162239 


235 


55225 


12977875 


15-S297097 


6-171005 


23(> 


55696 


13144256 


15-3622915 


6-179747 


237 


56169 


13312053 


15-3948043 


6-188463 


238 


56644 


13+«1272 


15-4272+86 


6-19715+ 


239 


57121 


13651919 


15-45962+8 


6-205821 


2+0 


57600 


13824000 


15-4919334 


6-214464 


2V\ 


58681 


13997521 


15-52417+7 


6223083 


2i2 


5S56+ 


1+172488 


15-6563492 


6-331678 


3*3 


590+9 


14S48907 


15-588*573 


6-240251 


244 


5y5:i6 


1452678+ 


15-620499+ 


6-248800 


2+5 


60025 


14706125 


15-6524758 


6-257324 


246 


60516 


U«S6936 


15-68+3871 


6-265826 


2*7 


61009 


15069223 


15-7162336 


6-27430+ 


2+8 


616(!+ 


15252992 


1.5-7480157 


0-282760 


2+9 


62001 


15+38249 


15-7797338 


6-291194 


250 


62500 


15625000 


15-8113883 


6-299604 


251 


«30ftl 


15813251 


15-8429795 


6-307992 


252 


6350+ 


16003008 


15-8745079 


6-316359 


253 


6+009 


16194277 


15-9059737 


6-32+704 


254 


64516 


16387064 


15-9373775 


6-333025 


25.5 


65025 


I 658 1375 


15-968719* 


6-3+1325 


256 


65536 


16777216 


16-0000000 


6-3+9602 


257 


660+9 


16974593 


JS-0312195 


6-357859 


258 


66564 


17173512 


16-0623784 


6-366095 


259 


67081 


17373979 


16-093+769 


C-374310 


260 


67600 


17576000 


16-1245155 


6-36250* 


261 


68121 


17779581 


16-155+944 


6-390676 


262 


6S644 


17984728 


16-18641*1 


6-398827 


263 


69169 


181914+7 


16-21727*7 


6-+06958 


26+ 


69696 


1 83997++ 


16-2480768 


6-+15068 


265 


70225 


18609625 


16-2788206 


6-423157 


266 


70756 


18821096 


16-309.506+ 


6-431226 


267 


71289 


19034163 


16-3401346 


6-439875 


268 


71824 


19248832 


16-3707055 


6-447305 


269 


72361 


19465109 


16-4012195 


6-45531+ 


2^0 


72900 


19683000 


16-4316767 


6-463304 



tlte Shafii o/Milb. 



Number 


Square. 


Cube. 


Square Root. 


Cube KooL 


871 


73+41 


19902511 


l6-462077'> 


6-471274 


272 


73984 


20123648 


16-4924225 


6-479224 


273 


7+529 


20346417 


16-5227116 


6-487153 


274 


7507(i 


20570824 


16-5529454 


6-495064 


275 


7562.5 


20796875 


16-5831240 


6-302956 


276 


76176 


21024576 


I&6I 32477 


6-510829 


277 


76729 


21253933 ■ 


16-6433170 


6-518684 


278 


77984 


21484.952 


16-6733320 


6-526519 


279 


77841 


SI717639 


16*7032931 


6-534335 


280 


78400 


21952000 


16-7339005 


6-542132 


281 


78961 


. 22188041 


l6-763054« 


6-54!(911 


283 


79524 


22425768 


16-7928556 


6-557672 


283 


80089 


22665187 


16'8226038 


6-565415 


284. 


80656 


23906304 


16-8522995 


6-573139 


285 


81225 


23149125 


16-8819430 


6-580844 


886 


81796 


23393656 


16-9115345 


6-588531 


287 


82369 


23ft99!)OS 


16-9410743 


6-596202 


288 


82944 


23887872 


16-9705627 


6-603854 


289 


83521 


24137569 


17-0000000 


6-611488 


ago 


84100 


24389O0O 


17-0293864 


6-619106 


291 


84681 


24642171 


17-0587221 


6-626705 


292 


85264 


24897088 


17-0880075 


6-634287 


293 


85849 


25153757 


17-I172428 


6-641851 


29*. 


86436 


25412184 


17-1464282 


6-649399 


295 


87025 


25672375 


17-1755640 


6-656930 


296 


87616 


25934336 


17'2046505 




297 


88209 


261 98073 


17-2336879 


6-671940 


298 


88804 


26463592 


17-2626765 


6.679419 


299 


89401 


26730899 


17-2916165 


6-686882 


300 


90000 


27000000 


17-3205081 


6-694328 


SOI 


90601 


27270901 


17-3493516 


6-701758 


302 


91204 


S7543608 


17-3781472 


6-709172 


303 


91809 


27818127 


17-4068952 




304 


JI2416 


28094464 


17-4355958 


6-723930 


SOS 


9.'W25 


28372625 


17-4642492 


6-731316 


306 


93636 


28652616 


17-4928557 


6-738665 


307 


94249 


289S444S 


17-52I4155 


6-745997 


308 


94864 


29218II2 


17-5499288 


6-753313 


309 


95481 


29503629 


17-5783958 


6-760614 


310 


96100 


29791000 


17-6068169 


6-767899 


311 


96721 


30080231 


17-6351921 


6-775168 


312 


97344 


3M7J328 


17-6635217 


6-782422 


313 


97969 


30664297 


1 7-691 8060 


6-789661 


31* 


98596 


SO959144 


17-7200451 


6-796884 


315 


9^225 


31255875 


17-7482393 


6-804091 
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Number 


Square. 


Cube. 


S(|Uiire Root 


Cdbe Hoot. 


816 


9f)S5(i 


S1654496 


1 7*7763888 


6-811284 


317 


100489 


31853013 


I7-8044938 


6-818461 


318 


101 IS4 


32157432 


17-8325545 


6-825^4 


319 


lOITfil 


32461759 


17-8603711 


6-832771 


320 


102400 


32768OOO 


17-8883438 


6-839903 


321 


103041 


33076161 


17D1 64729 


6-8+7021 


322 


103C84 


33386248" 


17*94+35S4 


6-85412* 


S23 


1043^9 


33698267 


17-9722008 


6-861211 


324 


104!)7fi 


3401222+ 


18-0000000 


6-868284 


325 


103625 


3+328125 


18-0277561 


6-875343 


326 


106276 


34645976 


18-0554701 


6-882388 


S27 


106939 


34965783 


18-0831413 


6-889419 


328 


107584 


35287552 


I8-IIO77OS 


6-8964S5 


329 


1 08241 


S361 1289 


18-1383371 


6-903*36 


330 


108900 


35937000 


18-1659021 


6-910423 


331 


109561 


36264691 


18-1934054 


6-917396 


332 


110224 


3()59436H 


18-2208672 


6.924355 


333 


110889 


36926037 


18-S+82876 


6-931300 


33* 


111556 


3725970+ 


18-2756669 


6-938232 


335 


1 12225 


37595373 


18-3030038 


6-9+5149 


S36 


1 12896 


37933056 


18-3303028 


6-952053 


337 


n35(>9 


38272753 


18-3375598 


6-958943 


S38 


114244 


33614*72 


18-3847763 


6-965819 


339 


1 1 wai 


SS938219 


18-4119526 


6-972682 


340 


113600 


39304O0O 


18-4390889 


6-979532 


341 


116281 


S!)651821 


18-4661853 


6-986369 


342 


11696! 


40001638 


18-4932420 


6-993191 


343 


1176 t9 


40353607 


18-3202592 


7-000000 


344 


118336 


40707584 


18-5472370 


7-006796 


345 


119025 


41063625 


18-57+1756 


7-013579 


34fi 


I 197 16 


41421736 


18-6010752 


7-020349 


347 


120409 


41781923 


I8-62793TO 


7-027106 


348 


121101 


43144192 


18-6547581 


7-033850 


3*9 


121801 


42508519 


I8-6815H7 


7-0+0581 


S.'JO 


122.^)0 


43875!i.'M) 


18-70828(;9 


7-047208 


351 


123201 


4324S551 


18-73+9940 


7-05*003 


352 


123901. 


43614208 


1 8-7616630 


7-060696 


333 


I24f>09 


43986977 


18-78829+2 


7-067376 


35* 


125316 


44361 864 


18-8148877 


7-071043 


355 


12(>025 


44738875 


18-8414437 


7-O8O698 


356 


126736 


45118016 


18-8679623 


7-087341 


357 


127449 


45499293 


18-8944436 


7-093970 


358 


128164 


43882712 


18-9208879 


7-100388 


S59 


128^81 


46266279 


18-9*72953 


7-107193 


360 


121)600 


.466.^000 


18-9736660 


7-113786 



p; 






- "H '- 


" ^^B 


I 




the Shafts of Mills. 


113 


1 


1 


Ifumber 


Square. 


Cube. 


Square Root. 


Cube ttooL 


1 


361 


130321 


4704S88I 


19-0000000 


7-120367 




362 


131044 


47437928 


19-0262976 


7-l26St35 


^B 




363 


131769 


47832147 


19-0325589 


7-133492 






S64. 


132496 


48228544 


19-0787840 


7140037 






SGS 


133225 


48627125 


19-1049732 


7-146S69 






366 


133956 


49027896 


19-1311865 


7-153090 






367 


134689 


49430863 


19-1572441 


7159599 






368 


135424 


49836032 


19-1833261 


7-1C6095 






369 


136161 


50243409 


l9-20937'^7 


7-172580 






370 


136900 


50653000 


19-2353841 


7179054 






371 


137641 


51064811 


19-2613603 


7-183516 






372 


1S83S4 


51478848 


19-2873015 


7-191966 






373 


139129 


51895117 


19-3132079 


7-198405 






374 


139876 


52313624 


19-3390796 


7-204832 






375 


140625 


52734375 


11)-3649167 


7-211247 






376. 


141376 


53157376 


19-3907194 


7-217652 






377 


142129 


53582633 


19-4164878 


7'82404S 






378 


142884 


54010152 


19-4422221 


7-330437 


' 




379 


143641 


54439939 


19-46792:i3 


7-236797 






380 


144400 


54872000 


1 9-4935887 


7-2431.56 






381 


145161 


55306341 


19-5192213 


7-249504 






382 


145924 


55742968 


19-5448203 


7-255841 


^H 




383 


146689 


56181887 


19-5703858 


7-263167 


^H 




384 


147456 


56623104 


19-5959179 


7-268482 


^H 




385 


148225 


57066625 


19-6814169 


7-274786 


^H 




386 


148996 


57512456 


19-6468827 


7-281079 






387 


149769 


57960603 


19-6723156 


7-287362 


^H 




388 


150544 


58411072 


19-6977156 


7-293633 


^^1 




389 


151321 


58863869 


19-7230829 


7-299893 


^^1 




390 


152100 


59319000 


19-7484177 


7-306148 


^^1 




391 


152881 


59776471 


197737199 


7-3 12883 






392 


153664 


60236288 


19-7989899. 


7-318611 


^^1 




393 


154449 


606984^7 


19-8242276 


7-324829 


^^1 




394 


155236 


61162984 


19-8494332 


7-331037 


^^1 




39S 


156025 


61629875 


19-8746069 


7-337234 


^^1 




396 


156816 


62099136 


19-8997487 


7-343420 


^^1 




397 


157609 


62570773 


19-9248588 


, 7-349596 


^^1 




398 


158404 


63044792 


f9-9499373 


7-355762 


^^1 




899 


I5920I 


6352! 199 


19-9749844 


7-361917 






400 


160000 


64000000 


20-0000000 


7-368063 






401 


160S01 


64481201 


ftl-024S844 


7-374198 






402 


161604 


6496-1808 


SO-0'1.99377 


7-380322 






403 


162409 


63450827 


20-0748599 


7-386437 






404 


163216 


65939264 


20K)997512 


7-392542 


^^ 


K, 


405 


164025 


66430125 


20-1246118 


7-398636 


^H 


1 




^ 


K 


1 




J 



Att Essay on 



Number 


Square. 


Cube. 


Square Root 


Cube Root. 


406 


ifijsse 


66923416 


20a49[.4I7 


7-404720 


407 


l(i;i(i49 


67419143 


20-1742410 


7-410794 


40t{ 


i(ifi|.64 


67911312 


20-1990099 


7'4l68S9 


409 


l(l728I 


68417929 


20-3337484 


7-422914 


410 


KiSiOO 


68931000 


20-2484567 


7-428958 


411 


l(>8!t21 


69426531 ■ 


20-2731349- 


7-434993 


418 


169744 


69934528 


20-2977831 


7-441018 


415 


170569 


70444997 


20-3224014 


7-447033 


414 


171396 


70957944 


20-3469899 


7'453039 


415 


172225 


71473375 


20-3715488 


7-459036 


416 


173056 


71991296 


20-3960781 


7-465022 


417 


173889 


72511713 


20-4205779 


7-470999 


418 


174724 


730346S2 


20-4430483 


7-476966 


419 


17.5561 


73560059 


20-4694895 


7-482924 


430 


176400 


74OH8OOO 


20-4939015 


7-488872 


421 


177241 


74618461 


20-5182845 


7-494810 


422 


178084 


75151448 


20-5426386 


7-500740 


423 


178999 


75686967 


20-5669638 


7-506660 


49+ 


179776 


76225024 


20-5912603 


7-512571 


4«5 


180625 


76765625 


20-6155281 


7-518*73 


426 


181476 


7730877G 


20-639767* 


7-524365 


427 


182329 


77854483 


20-6639783 


7-.530348 


428 


133184 


78-102732 


20-6881609 


7-536121 


♦«9 


184041 


78.Q5S589 


20-7123152 


7-541986 


430 


184900 


79507000 


20-7364414 


7-547841 


431 


183761 


80063991 


20-760.5395 


7-553688 


432 


186624 


80621568 


20-7846097 


7-559525 


433 


187489 


811 82737 


20-8086520 


7-565353 


434 


188356 


81746504 


20-8326667 


7-571173 


435 


189225 


82312875 


20-8566336 


7-576984 


*S6 


J 90096 


82881856 


20-8806130 


7-582786 


437 


190969 


83453453 


20-9045450 


7-588579 


438 


191844 


84027672 


20-928H95 


7-594363 


439 


192721 


84604519 


20-9523268 


7-600138 


440 


193600 


85184000 


20-9761770 


7-605905 


441 


194481 


85766121 


21-0000000 


7'61l662 


443 


195364 


863.50888 


21-0237960 


7-617*11 


443 


196249 


8G938307 


21-0475652 


7-623151 


444 


197136 


87528384 


31-0713075 


7-628883 


443 ■ 


198025 


■88121 125. 


21-0950231 


7-634606 


440 


198916 


88716536 


21-1187121 


7-640321 


447 


199809 


89314623 


21-1423745 


7-646027 


448 


200704 


S9915392 


21-1660105 


7-651725 


449 


301601 


90518849 


21-1896201 


7-657*14 


450 


202300 


91 125000 


21-2132034 


7-6630ft* 



the Shafts of Mills. 



lU 



Number 


Square^ 


Cube. 


Square Root. 


Cube Root 


451 


203401 


91733851 


21-2367606 


7-668766 


452 


204304 


92345408 


21-2602916 


7-674430 


458 


205209 


92959677! 


21-2837967 


7*680085 


454 


206116 


93576664, 


21-3072758 


7-685732 


455 


207025 


94196375 


21-3307290 


7-691 371 


456 


207936 


94818816 


21-3541.565 


7-697002 


457 


208849 


95443993 


21-3775583 


7-702624 


458 


209764 


96071912 


21-4009346 


7708238 


459 


210681 


96702579 


21-4242853 


7713844 


460 


211600 


97336000 


21-4476106 


7719442 


461 


212521 


979721 81 


21-4709106 


7725032 


462 


213444 


98611128 


21-4941853 


7 730614 


463 


214369 


99252847 


21-5174348 


7-736187 


464 


215296 


99897344 


21-5406592 


7-741758 


465 


216225 


100544625 


21-5688587 


7-747310 


466 


217156 


101194696 


iil-5870331 


7752860 


467 


218089 


101847563 


21-6101828 


7758402 


468 


219024 


102503232 


21-6333077 


7-763986 


469 


219961 


103161709 


21-6564078 


7-769462 


470 


220900 


103823000 


31-6794834 


7-774980 


471 


221841 


104487111 


21-7025344 


7-780490 


472 


222784 


105154048 


21-7255610 


7785992 


478 


223729 


105823817 


21-7485632 


7-791487 


474 


224676 


106496424 


21-7715411 


7-796974 


475 


225625 


107171875 


21-7944947 


7-802453 


476 


226576 


107850176 


21-8174242 


7-807925 


477 


227529 


108531333 


21-8403297 


7-813389 


478 


228484 


109215352 


21-8632111 


7-818845 


479 


229441 


109902239 


21-8860686 


7-824294 


480 


230400 


110592000 


21-9089023 


7-829735 


481 


231361 


111284641 


21-9317122 


7-835168 


482 


232324 


111980168 


21*9544984 


7-840594 


483 


233289 


112678587 


21-9772610 


7-846018 


484 


234256 


118379904 


22-0000000 


7-851424 


485 


235225 


114084125 


22-0227155 


7-856828 


486 ^ 


236196 


114791256 


22-0454077 


7-862224 


487 


237169 


115501303 


22-0680765 


7-867613 


488 


238144 


116214272 


22-0907220 


7-87^4 


489 


239121 


II693OI69 


22-1133444 


7-878368 


490 


240100 


117649000 


22-135943$ 


7-883734 


491 


241081 


118370771 


II-1585198 


7-889094 


492 


242064 


119095488 


22-1810730 


7-894446 


493 


243049 


11982S157 


22-2036033 


7-899791 


494 


244036 


120553784 


22-2261108 


7-905129 


495 


245025 


121287375 


22-2485955 


7.910460 



116 



An Essay on 



Number 


Square. 


Cube. 


Square Koot. 


Cube Root. 


496 


216016 


122023936 


22-2710573 


7-915784 


497 


247009 


122763473 


22-2934968 


7-921100 


49S 


248004 


123505992 


22-3159136 


7-926408 


499 


249001 


124251499 ' 


22-3383079 


7-931710 


.500 


250000 


1S5000000 


22-3606798 


7-937005 


501 


251001 


125751501 


22-3830293 


7-942293 


502 


252004 


126506008 


22-4053565 


7-947573 


503 


253009 


127263527 


22-4276615 


7-952847 


504 


254016 


128024064 


22-449944S 


7-958114 


aaa 


255025 


128787625 


22-4722051 


7963374 


506 


256036 


129554216 


22-4S44438 


7-968627 


507 


257049 


130323843 


22-5166605 


7-973873 


508 


258064 


131096512 


22-5388553 


7-979112 


509 


25908I 


131872229 


22-5610283 


7-984344 


510 


260100 


132651000 


22-^831796 


7-989569 


511 


261 rii 


1334328,11 


22-6053091 


7-994788 


512 


262 U4 


134217728 


22-6274170 


8-000000 


513 


263169 


135005697 


22-6495033 


8-OO5205 


51* 


264196 


135796744 


93-6715681 


8-010403 


515 


265395 


136590875 


22-69361 14 


8-015595 


516 


266256 


137388096 


22-7156334 


8-020779 


517 


S67289 


138188413 


«2'7376340 


8-025957 


518 


2C8324 


138991832 


22-7596134 


8-031129 


519 


269361 


139798359 


22-7815715 


8-036293 


520 


270100 


140608000 


22-8035085 


8-041451 


521 


271441 


141420761 


22-8254244 


8-04660S 


522 


272484 


J 42236648 


22-8473193 


8-051748 


523 


273529 


143055C67 


22-869] 9.13 


8-056886 


524 


274576 


143877824 


22-8910463 


8-062018 


525 


275625 


144703125 


22-9128785 


8-067143 


526 


276676 


145531576 


22-9346899 


8-072262 


527 


277729 


146363183 


22-9564806 


8-077374 


528 


S78784 


1*7197952 


22-9782506 


8-082480 


529 


279841 


148035889 


23-0000000 


8-087579 


5S0 


28O9OO 


148877000 


23-0217289 


8-092672 


531 


281961 


149721291 


23-0434372 


8-09775S 


532 


283034 


150568768 


23-065 J 252 


8-102838 , 


6S3 


284089 


151419437 


23-0867928 


8- 10791s 


534 


285156 


15227S304 


23-1084-100 


8-112980 


535 


286225 


153130375 

153913656 


23-1300670 


8-118041 


536 


287296 


2.1-151673S 


8-123096 


537 


288369 


154854133 


23-1732605 


8-128144 


538 


■2894W 


155720872 


23-1948270 


8-133186 


5sg 


890521 


156590819 


23-2163735 


8-138223 


540 


891600 


157464000 


3S-2ST9001 


8-143253 



tie Shitftt of MiSi. 



11? 



Number 


Square. 


Cube. 


Square Root. 


Cube Root. 


5H 


'292681 


1 533-10421 


23-2594067 


8-148276 


5+2 


293764 


1592200.S8 


23-2808935 


8-153293 


543 


294849 


160103007 


23-3023604 


8-158804 


5-1.1. 


295936 


1609S9184 


23-3238076 


8-163309 


54.5 


297025 


161878625 


23-3452351 


8-168308 


S+6 


29S116 


162771336 


23-3666*29 


8-173302 


547 


299209 


163G67323 


23-3880311 


8-178289 


54.8 


300301 


164566592 


23-4093998 


8-183269 


549 


301401 


165469149 


23-4307490 


8-188214 


550 


302500 


166375000 


23-4520788 


8-193212 


SJl 


303601 


167284151 


23-4733892 


8-198175 


552 


304704 


168196608 


33-4946802 


8-203131 


553 


305809 


169112377 


93-5159520 


8-208082 


554 


306916 


170031464 


23-5372016 


8-213027 


555 


308025 


170953875 


23-5584380 


8-217965 


556 


309136 


171879616 


23-5796522 


8-222898 


557 


310249 


17280869S 


23-6008474 


8-227825 


558 


31 1364 


173741113 


2a-6220236 


8-«32746 


559 


312481 


174«76879 


23-6431808 


8-237661 


560 


313600 


175616000 


23-6643191 


8-242570 


561 


3l47ai 


176558481 


23-6854386 


8-247474 


X2 


315844 


177504328 


23-7065398 


8-25S371 


563 


316969 


178453547 


23-7276210 


8-257263 


SSi' 


318096 


179406144 


23-7486842 


8-262149 


565 


319225 


180362125 


23-7697286 


8-267029 


566 


320356 


181321496 


23-7907545 


8-271903 


567 


321489 


182284263 


23-8117618 


8-276772 


568 


322624 


183250432 


23-8327506 


8'28l635 


569 


323761 


184230009 


23-8537209 


8.286493 


570 


324900 


185193000 


23-8746728 


8-291844 


571 


32604.1 


186169411 


23-8956063 


8-296190 


572 


327184 


187149248 


23-9165215 


8-301030 


573 


328329 


188132517 


23-9374184 


8-305865 


574 


329476 


189119224 


23-9582971 


8-310694 


575 


330625 


190109375 


23-9791576 


8-315517 


576 


331776 


191102976 


24-0000000 


8-320335 


577 


332929 


19210003s 


24-0208243 


8-325147 


578 


33409 i 


193100552 


24-0416306 


8-329954 


579 


335241 


194104539 


24-0624188 


8-334755 


580 


336400 


195112000 


24-083! 892 


8-.339551 


581 


3i!7561 


196129941 


24-1039416 


8-34*341 


582 


338724 


197137368 


24-1246762 


8-349125 


583 


339889 


198155287 


- 24-1453929 


8-353904 


584 


341056 


199176704 


24-1660919 


8-358678 


585 


342225 


200201625 


24-1867732 


8-363446 



118 



An -Est 



^tay o» 



Number 


Sqoare. 


Cub€. 


Square Root. 


Cube Koot. 


586 


3W396 


201230056 


24-2074369 


8-36&209 


587 


344569 


202-262003 


24-22.-08^ 


fc-372966 


588 


3457*t 


203297472 


24-2*87113 


8-377718 


589 


3*6921 


204.136*69 


24-2693222 


S-382465 


590 


348100 


205379000 


2+^399156 


8-387206 


591 


3*9281 


30643507! 


24-310*916 


8-391942 


592 


350t64 


207474688 


24-3310301 


8-396673 


593 


3.516*9 


208527857 


24-3513913 


8-401393 


59* 


352836 


20958*584 


24-3721152 


S-406118 


595 


354025 


2106**875 


24-3926218 


8-410832 


5^6 


S55216 


21 1708736 


24-4131112 


8-415541 


597 


356*09 


212776173 


24-43.';58;s* 


8-420245 


598 


35760* 


213847192 


24-4540385 


8-424944 


599 


35b801 


21*921799 


24'*7*1765 


8-429638 


too 


360000 


216000000 


24-494897* 


8-+34327 


Goi 


3(ji201 


21708I8OI 


24-51 53013 


8-459009 


602 


36240* 


218167208 


2+-53568>S3 


8-443687 


60.1 


363609 


219256227 


24-5560583 


8-448360 


604 


36*816 


220.74*864 


24-576*115 


8-453027 


605 


36fi025 


2214*5125 


24-5967478 


8-457689 


606 


367^:i6 


3225*5016 


24-61 706'73 


S-462347 


607 


36H-1.19 


2236*8543 


24-6373700 


8-466999 


608 


36966* 


22+755712 


24-6576560 


8-471 647 


609 


37O88I 


225866529 


2*-6779234 


8-476289 


610 


372100 


226981000 


24-6981781 


8-480926 


611 


37,-32 1 


22S09913I 


84'7 184142 


8-485557 


612 


374.5*4 


229220928 


24-7386338 


8-4901 8* 


613 


375769 


230S46397 


24-7588368 


8-49*806 


6U 


S7fi9.g6 


231*75544 


21-7790234 


8-499*23 


615 


378^^3 


232608375 


24-7991935 


8-50403* 


f)I6 


379*56 


2337*4896 


24-8193*73 


8-5086*1 


617 


3S06K9 


2.')*885113 


24-839*847 


8-513243 


Cl8 


3»i()2* 


236029O32 


2*'S596058 


8-517840 


6l9 


3K.-(l6l 


237176659 


24-8797106 


8-52ii*32 


620 


3844O0 


238328000 


24-8997992 


8-527018 


621 


3«r.f;*i 


239*830*11 


24-9198716 


8-531600 


622 


3.SfiH8* 


2406418*8 


24-9399278 


8-536177 


623 


■IBS lag 


2*1804.167 


24-9599679 


8-5*07*9 


62*, 


389376 


242970624 


24-9799920 


8-545317 


62,1 


v.^m'i5 


244140625 


25-0000000 


8-549879 


(i^6 


.■i9J876 


2*531*376 


25-0199920 


8-55*437 


627 


393129 


246*91883 


25-0399681 


8-558990 


628 


39438* 


2*7673152 


25-0599282 


8-563537 


639 


3956*1- 


248858189 


25-07.98724 


8-568080 


tiHCi 


396900 


250047000 


2.5-0998008 


8-572618 



the Shafts of Mills. 
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Nurabei 


Stiuaro. 


Cube. 


Square iioot. 


Cube Itoot. 


631 


:i<mC)i 


351 '.'3959 1 


25-1197134 


8-.577152 


6J^ 


sirM-ii 


25'2 135908 


25-1396102 


8-581680 


633 


40rwiR9 


25:ifi;:6i37 


251591913 


8*58li304 


(JM 


4<)iy56 


Si54»40104 


25-1793566 


K-.590723 


fi35 


w.\'2-iri 


2560478 T.-i 


25-l99ii063 


8-59,1238 


636 


mum 


2,57259456 


25-2 190404 


8-599747 


637 


40J7(i9 


25>>474S5,'i 


2.5-2388589 


8-604232 


fiSH 


4O704* 


259694072 


25-2586619 


8-608752 


63H 


+08321 


260917119 


25-27844i)3 


8-613248 


too 


40yO(K) 


■262144^)00 


25-2932213 


S-617738 


OH 


4I088I 


26^374721 


25-3179778 


8-C;i2524 


642 


4.12164 


2<j4(i09388 


25-3377189 


8-626706 


fiW 


413449 


26581.7707 


25-3574447 


8-631183 


6*i 


4i47;)e 


267089934 


25-3771551 


SHi3r,(i>5 


645 


4.16025 


268^36125 


25-39fi8.»2 


H-640I22 


iiiG 


4i7;iiti 


26y586l36 


25- H 65301 


8-614.535 


647 


4,IH6QQ- 


270S4OO23 


25-4361947- 


31649043 


6*8 


419904 


272097792 


2.5-4558441 


8-653497 


Ciy 


421*201 


273359+49 


25-4754784 


a-G57iJ*G 


650 


422500 


'274625000 


25-4950076 


8-662;SOl 


651 


4d3aoi 


275894451 


85-5147016 


8-666831 


652 


425104. 


i:77H)7808 


25-5342907 


8-()71266 


653 


4^6409 


278445077 


25-553S647 


8-675697 


6.14 


427716 


'-379726264 


25-5734237 


8-680123 


655 


4!29025 


281011375 


25-5929678 


8-684545 


656 


430336 


28i!3004l6 


25-6124969 


8'6889l'i3 


6.77 


431649 


283593393 


25-63201 12 


8-693376 


63S 


432964 


284890312 


25-6516107 


8-697784 


6v9 


434281 


286191179 


25-6709953 


8-702188 


fa'fJO 


43,5600 


287496000 


25-0904652 


8-706587 


(i61 


436931 


288804781 


25-7()99203 


8-710982 


662 


438244 


2901(7528 


25-72036U7 


8-71,5373 


663 


4;jy569 


291434247 


25-7487864 


8-719759 


664 


440896 


292754944 


25-7681073 


8-724141 


(Kij 


4-t22!iS 


294079*>25 


^5-7875939 


8-72S518 


666 


443556 


2954082<J6 


25:^069758 


8-732891 


667 


4448S9 


296740963 


2.;-«263431 


8-737260 


668 


446224 


2yb077633 


25-«456960 


8-74162+ 


669 


447561 


29941 830() 


25-8650343 


8-745984 


670 


448900 


3007630(W 


25-8843.^82 


8-750340 


671 


4502.tl 


302111711 


25-9036677 


8-754691 


672 


451584 


3034644 i« 


25-th:29fi28 


8-759038 


673 


4529^9 


304821217 


25-9422435 


8-763380 


674 


454276 


30618202* 


25-9615100 


8-767719 


67.'! 


455695 


307546H75 


25-9a07621 


8-772053 
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An Essay on 



Number 


Square. 


Cube. 


Square Root. 


Cube Root. 


676 


4.56976 


30S9I5776 


26-oooooon 


8-776382 


677 


458329 


3102N8733 


26-0192237 


8-780708 


678 


459684 


311665752 


26-0384331 


8-785029 


679 


46] OH 


313046839 


26-0576284 


8.7893+6 


680 


462400 


314432000 


26-0768O96 


8-793659 


6S1 


463761 


315821241 


26-0959767 


8-797967 


682 


465124 


317214568 


26-1151297 


8-8O2279 


683 


■l-66'489 


318611987 


26-1342687 


8-806572 


684 


467856 


340013504 


26-1533937 


8-810868 


685 


469S25 


321419125 


26-1725047 


8-815159 


686 


+70596 


322828856 


26-1916017 


8-8194+7 


687 


471969 


324242703 


26-21 0()848 


8-823730 


688 


473344 


325660672 


26-2297541 


8-828009 


689 


474721 


327082769 


26-2488095 


8-832285 


690 


476100 


328509000 


26-2678511 


8-836556 


691 


477481 


329939371 


21 [-2868789 


8-840822 


692 


478864 


331373888 


26-3058929 


8-843085 


693 


480349 


332812557 


26-3248932 


8-849344 


694 


481636 


334255384 


26-3438797 


S-853598 


(i95 


483025 


335702375 


26-3628527 


8-857849 


(!96 


484416 


337153536 


26-3818119 


8-86SO95 


697 


485809 


S38608873 


26-4007576 


8-866337 


698 


487204 


S40Q68392 


26-4196896 


8-870575 


699 


488601 


341532099 


26-4386081 


8-874809 


700 


49(«00 


343000000 


26-4575131 


8-879040 


701 


491401 


■344472101 


26-476*046 


8-883266 


702 


492804 


345948008 


26-4952826 


8-887488 


703 


494209 


347428927 


26-5 Ul 472 


8-891706 


704 


495616 


34891366+ 


26-5329983 


8-89,1920 


705 


497025 


3504O2625 


26-5518361 


8-900130 


706 


498436 


351895816 


26-5706605 


8-904336 


707 


499849 


353393243 


26-3894716 


8-908538 


708 


501264 


354894912 


26-6082694 


8-912736 


709 


S02681 


356400829 


26-6270539 


8-916931 


710 


S04100 


357911000 


26-6458252 


8-921121 


7U 


505521 


359425431 


26-6645833 


8-925307 


712 


50694+ 


360944128 


26-6833281 


8-929490 


713 


508369 


362467097 


26-7020598 


8-933668 


714 


509796 


36399434+ 


26-72077S4 


8-937S43 


715 


5n:i;25 


365325875 


26739 1'839 


8-94201+ 


716 


512656 


367061696 


26-7581763 


8-946180 


717 


514089 


S68601813 


26-7768557 


8-9503+3 


718 


515524 


370146232 


26-7955220 


8-954502 


' 719 


51 6961 


371694959 


26-8141754 


8-958658 


i 72f> 


518400 


378248000 


26-8328157 


8-962809 



the Skafti ofMUb. 



Number 


Square. 


Cubu. 


Square Uout. 


Cube Root. 


7:^1 


5iy8*i 


374805361 


26-8514433 


8-966937 


T2-2 


521284 


376367048 


26-8700577 


8-971100 


723 


523729 


377933067 


26-8886393 


8-975240 


72t 


524176 


379503*24 


2IJ-9072481 


8-979376 


725 


525625 


.'{8 1078 1 25 


26-9258240 


8-983508 


720 


527076 


382657176 


2f)-9*43872 


8-gS7637 


727 


528529 


38*240583 


26-9629375 


8-991762 


728 


529984 


385328352 


26-9814731 


S-9y)8e3 


729 


531*41 


387420489 


27-0000000 


9-000000 


730 


532900 


3«90l7000 


27-0185123 


9-0041 IS 


731 


534361 


390617891 


27'03701I7 


9-008222 


732 


53532* 


392223168 


27-0554.985 


9-01S328 


733 


537289 


393S32S37 


27-0739727 


9-016*30 


73* 


538756 


395*46904 


27'09243*4 


9-020529 


735 


540225 


397065375 


27-1108834 


9-024633 


7J5 


541696 


398688256 


27-1293199 


9-028714 


737 


543169 


400315553 


27-1*77*39 


9-032802 


738 


S-l'ia** 


4019*7273 


27-1661554 


9-036885 


739 


346121 


*03583419 


27-18455*4 


9-O1.0965 


740 


547600 


40522*000 


27-2029410 


9-045041 


741 


5*9081 


406869021 


27-2213152 


y-049114 


742 


550564 


+08518488 


27-2396769 


9-053183 


7*3 


552049 


410172407 


27-2580263 


9-057248 


744 


553536 


411830784 


27-276363* 


9-061309 


7*5 


555025 


413493625 


27-2946881 


9-065367 


746 


556516 


415160936 


27-3130006 


9-069422 


7*7 


558009 


416832723 


27-331 ?007 


9.073*72 


748 


55950* 


418508992 


27-3495887 


9-077519 


749 


561001 


420189749 


27-3678644 


9-081563 


750 


562500 


421875000 


27-3861279 


9-085603 


751 


564001 


423564751 


27-4043792 


9-089639 


752 


56550* 


*25259008 


27-4226184 


9-093672 


753 


567009 


426957777 


27-4408455 


9-097701 


754 


568516 


42866106* 


27-i59060+ 


9-101726 


7J5 


570025 


*30368875 


27-4772633 


9-105748 


756 


571536 


432081 3] 6 


27-4954542 


9-109766 


757 


5730*9 


433798093 


27-5136330 


9-113781 


758 


57456* 


435519512 


27-5317998 


9-117793 


759 


576081 


437245*79 


£7-5*995*6 


9-121801 


760 


577600 


438976000 


27-5680975 


9-125805 


761 


579121 


4*0711081 


27-586228* 


9-129806 


762 


5806** 


442450728 


27-(i043*75 


9-133803 


763 


582169 


44*194947 


27-6224546 


9-137797 


764 


58S696 


445943744 


87-6405499 


9-141788 


765 


585925 


447697125 


27-658633* 


9-145774 



1«2 



An Essay on 



Number 


Square. 


Cube. 


iiquure Itwot 


.Cube Itoot. 


766 


r.H(uS6 


449455096 


27-G767050 


9-1497.57 


767 


-IHR289 


451 2 17663 


27-6947648 


9-153737 


768 


.'■-89824 


452984832 


27-71 2B 129 


9-157713 


769 


59136: 


454756609 


27-7308492 


9-161686 


770 


5')igoo 


456533000 


27-7488739 


9-165656 


771 


5.94441 


458314011 


27-7668868 


9-169622 


77« 


595984 


460099648 


27-7848880 


9-173585 


773 


597529 


461889917 


27-8028775 


9-177544 . 


774 


59iW76 


463«84S24 


27-8208555 


9-181500 


775 


600625 


465484375 


27-838S2I8 


9-1854,« 


776 


SfHI76 


467288576 


27-855776G 


9-189401 


777 


G03729 


469097433 


27-8747197 


9-193^47 


778 


dosam 


470910952 


27-892f)514 


9-197289 


779 


6068*1 


4727291 S9 


27-910571.5 


y-20l228 


780 


fioaioo 


474552000 


27-9284801 


9-205164 


781 


609961 


476379.541 


27-94«3772 


9-20y096 


783 


611594 


478211768 


27-96-1.2629 


9-213025 


783 


6! 3089 


4BD048687 


27-9821372 


9-816950 


78* 


6146.56 


48ia90.10i 


28-0000000 


9^20872 


785 


6162^3 


483736025 


280178515 


9-224791 


786 


617796 


485587656 


28-0356915 


9-228706 


787 


619369 


48744a-M)3 


28-0535203 


9-232618 


788 


620944 


489303S72 


28-0713377 


9-237527 


789 


622521 


491169069 


28-0891438 


9-240433 


790 


6^+400 


493039000 


28-10693Sfi 


9-2M335 


791 


625681 


494913671 


28-1247222 


9-248234 


792 


627264 


496793088 


28-1424946 


9-252130 


793 


628849 


49S677257 


28-1602557 


y.256022 


794 


630 is6 


500566184 


28-1780056 


9-259911 


79S 


63-203.^ 


502459S75 


28-19.6Tt44 


9-263797 


' 796 


6.'i36lC 


5043.08336 


28-2134720 


9-267679 


797 


635209 


606261573 


28-2311884 


"9-271559 


798 


6.-S6804 


508 169592 


28-2488938 


9-275435 


799 


638401 


5l"008'i3O9 


28-2665881 


9-279308 


800 


640000 


512000000 


28-2842712 


9-283177 


801 


641601 


513922401 


28-3019434 


9-38704^ 


802 


643204 


515849608 


28-3196045 


9-290907 


803 


644809 


517781627 


28-3372546 


9-294767 ■ 


804 


646+16 


519718464 


28-3548938 


9-298623 


805 


64fi025 


521660125 


28-372.5219 


9-S02477 


806 


649636 


523606616 


28-3901,391 


9-306327 


807 


651249 


525557943 


28-4077454 


9-310175 


808 


652864 


527514112 


28-4253408 


9-314019 


809 


6.51481 


52947.1129 


28-4429253 


9-317859 


SIO 


656100 


531441000 


28-4604989 


9-321697 



the Shafts of Mills. 



Numb CI 


.Square. 


Cube. 


Sqaare Root. 


Cube Root. 


811 


657721 


53:iiU7:il 


28-4780617 


9-325532 


812 


659344 


535S87328 


28-4956137 


9-329363 


813 


660969 


537.'566-<,7 


28-5131549 


9-333191 


814 


662596 


539353144 


38-5306852 


9-3S70I6 


815 


6(i4Sii.5 


541343375 


28-5482048 


9-340838 


ftlF} 


6(53856 


543338406 


28-36571. -{7 


9-344657 


817 


667489 


545338513 


28-5832119 


9-34847.f 


818 


669124 


5-^7343 1-3'i 


28-6006993 


9-352285 


819 


670761 


549353239 


28-6181760 


9-356095 


820 


672400 


551368000 


28-6356421 


9-359901 


821 


G71041 


5^387661 


28-6530976 


9-363704 


8S2 


675684 


555412243 


28-6705424 


9-367505 


823 


677329 


557441767 


28-6879766 


9-371302 


82i 


678976 


559476924 


287054002 


9-375096 


82.5 


6S0625 


56151 5G25 


28-7228132 


9-378887 


82() 


682276 


563559976 


28-7402157 


9-38267.5 


827 


6839^9 


565609283 


38-7576077 


9-386460 


888 


6H5584 


567663552 


28-7749891 


9-390241 


89a 


6H7241 


56972278,9 


28-7993601 


9 394020 


830 


688900 


571787000 


28-8097806 


g-397796 


asi 


Gimcn 


573856191 


28-8270706 


y-+o;5ti9 


BSi 


6<»2L'a4 


575930J68 


28-84+4102 


9-K).)338 


833 


693889 


578O09537 


28-8617394 


y-409105 


SS4 


695556 


'58009370+ 


28-8790582 


9-412869 


835 


tiy7225 


5821S2S75 


28-8963666 


9-416630 


836 


698896 


584277056 


28-913664^ 


9-420387 


837 


700569 


586376253 


28-9309523 


9-42+141 


838 


702244 


588480472 


28-9482297 


9-427893 


839 


7o;;!i'2i 


590589719 


28-9654967 


9-431642 


8W 


705600 


592704000 


28-9827535 


9-435388 


841 


707281 


594823321 


29K)000000 


9-439130 


84'i 


708.964 


596947688 


29-0172363 


9-442870 


843 


710649 


599077 I 07 


29-0344623 


9-446607 


844. 


712336 


60J211584 


29-0516781 


9-450341 


845 


714085 


603351125 


29-0688837 


9-454071 


846 


7I57I6 


605495736 


29-0800791 


9-457799 


847 


717409 


607645423 


29-1032644 


9-461524 


848 


719104 


609800192 


29-120+396 


9-465247 


849 


720801 


611960049 


29-1376046 


9-468966 


850 


722500 


614125000 


29-15+7595 


9-472682 


851' 


724201 


6162950SI 


29-1719043 


9-476395 


852 


725904 


618470208 


29-1890390 


9-480106 


853 


727609 


620650477 


29-2061637 


9-483813 


854 


739316 


6228358^)4 


29-2232784 


9-487518 


855 


731025 


69.5026375 


29-2403830 


9-491219 



An Essay on 



Nuinbei 


Square. 


Cube. 


Square Root. 


Cube Root. 


856 


732736 


627222016 


29-2574777 


9-494918 


857 


73M49 


639422793 


29'2715623 


9-498614 


858 


736 I6i 


631628712 


29-2916370 


9-502307 


859 


737881 


633839779 


29-3087018 


9-505998 


860 


73960(1 


636056000 


29-32575l)6 


9-509685 


861 


7*1321 


63327738 1 


29-3428015 


9-513369 


802 


74304t 


640503928 


29-3598365 


9-517051 


863 


744769 


642735647 


29-3768616 


9-520730 


864 


74^)496 


644972544 


29-3938769 


9-524406 


865 


748295 


6472I46S5 


29'4I0S823 


9-528079 


866 


749956 


649461896 


29-4278779 


9-531749 


867 


751689 


651714363 


29-4448637 


9-535417 


863 


753494 


653972032 


29-4618397 


9-539081 


869 


755)61 


656234909 


29-4788059 


9-542743 


870 


756000 


658503000 


29-4957624 


9-546402 


871 


758641 


660776311 


29-5127091 


9-550058 


872 


760384 


663054848 


29-5296401 


9-553712 


873 


762129 


605338617 


29-5465734 


9-557363 


874. 


7G3876 


667627624 


29-5634910 


9-561010 


875 


765625. 


669921875 


29-5803989 


9-564655 


876 


767376 


672221376 


99-5972972 


9-568297 


877 


769129 


674526133 


29-6141858 


9-571937 


878 


770834 


676836152 


29-6310648 


9-57557* 


879 


772641 


679151439 


29-6479325 


9-579208 


880 


774400 


681472000 


29 601.7939 


9-582839 


881 


776161 


683797841 


29-6816442 


9-586468 


6h'2 


777924 


68612896'S 


29-6984848 


9-590093 


883 


779689 


688465387 


29-7153159 


9-593716 


88* 


78H56 


69O8O7IO4 


29-7321375 


9597337 


883 


7832^25 


693154125 


29-7489496 


9600954 


886 


784996 


695506456 


29-7657521 


9-tiO!-369 


887 


7867(39 


697864103 


2;)-7825452 


9-608181 


888 


788344 


700227072 


29-7993289 


9-61 I79I 


889 


790321 


702595369 


29-8161030 


9'6I5397 


890 


792100 


7049'59OO0 


29-8328678 


9-619001 


891 


793881 


7073.J7971 


29-84fl623I 


9-622603 


892 


795664 


709732288 


29-8663090 


9-62S201 


893 


797449 


712121957 


29-8831056 


9-629797 


894 


799236 


7145HJ984 


29-8998;;2S 


9-633390 


895 


801025 


716yi7S75 


29-9165506 


9-636981 


896 


802816 


7193231.16 


29-9332591 


9-640569 


897 


804609 


721734273 


29-9499583 


9-644154 


^^98 


806404 


724150792 


29-9666481 


. 9-647736 


899 


803201 


726572699 


29-9S3SS87 


9-651316 


900 


810000 


799000000 


80-0000000 


9i;5lS9.-i 



the Slu^ o/MUb. 
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Number 


Square. 


Cube. 


Square Hoot. 


Cube Root. 


901 


811801 


731438701 


300166620 


9-658468 


90-2 


SI3C04 


7.i3870808 


SO-0333148 


9-662040 


903 


815409 


736314.327 


30-0499584 


9-665609 


904. 


817216 


7S8763264 


30-0665928 


9-669176 


905 


819025 


7*1217625 


SO0832179 


9-672740 


906 


820836 


7.1.3677416 


30-0998339 


9-676301 


907 


822645 


746142643 


30-1164407 


9.679860 


908 


82 W* 


74861 3312 


30-1330383 


9-683416 


909 


826281 


751089429 


30-1496269 


9-686970 


910 


8S8100 


7535-71000 


30-1632063 


9-690521 


911 


829921 


75605S031 


SO- 1827765 


9-694069 


9ia 


as I 74* 


758550528 


30-1993377 


9-697615 


913 


833569 


761048497 


30-2158899 


9-701158 


gi* 


8353!)6 


763551944 


£0-2324329 


9-70Mi98 


915 


837225 


766O6O875 


30-2*89669 


9-708236 


916 


839056 


768575296 


30-2654919 


9-711772 


917 


840889 


771095213 


30-2820079 


■9-715305 


913 


84.2724 


773620632 


80-2985148 


9-718835 


919 


844561 


776l51.-;S9 


30-3150128 


9-722363 


920 


846400 


77868«000 


30-3315018 


9-725888 


921 


84824.1 


781229961 


30-3479818 


9-729410 


922 


8500fi4 


783777448 


30-3644529 


9-732930 


923 


851929 


786330467 


S0-3809JSI 


9-736448 


■ 924 


853776 


78888902* 


30-3973683 


9-739963 


925 


855625 


791+53125 


30'tl38127 


9-743475 


936 


8574-76 


794022776 


30'4302481 


9-746985 


927 


859329 


796597983 


30-4466747 


9-750493 


928 


861184 


799178752 


30-4630924 


9-753998 


929 


863041 


801765089 


30-4795013 


9-757S00 


930 


864900 


804357000 


30-4959014 


9-761000 


931 


866761 


806954491 


30-5122926 


9-764497 


932 


86S624 


809557.'>6R 


30-5286750 


9-767992 


933 


870489 


hi 21 66237 


30-5450487 


9-771484. 


93i 


872356 


814780504 


305614136 


9-774974 


935 


87+825 


817400375 


30-5777697 


9-778461 


936 


876096 


820025856 


30-5941171 


9-782946 


937 


877969 


822656953 


SO-6l(H557 


9-785428 


938 


879844 


825293679 


30-6267857 


9'7S3908 


939 


8S1721 


8'/r936019 


30-6431069 


9-792386 


940 


883600 


830584000 


30-(J594l94. 


9-795861 


941 


8S54S1 


833237621 


30-6757233 


9-799333 


942 . 


887364 


8S5R968S8 


30-6920185 


9'80280S 


9iS 


889249 


838561807 


30-7083051 


9-806271 


944 


891136 


841232384. 


' 30-7245830 


9-809736 


945 


89302S 


84S908625 


30-7408563 


9-813198 



ise 
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Number 


Square. 


Cube, 


Square Root. 


Cube Root. 


946 


89491 6 


8*65905^6 


30-7571130 


9-816659 


9*7 


896809 


8*9278^3 


30-7733651 


9-820117 


94« 


»9870'i 


85197i:i92 


30-7896086 


9-82S573 


949 


900601 


8546703*9 


30-8058*36 


9-827025 


950 


91)2500 


857375000 


30-8220700 


9-830*75 


951 


901401 


860085351 


30-8382879 


9-8S392S 


952 


906304 


862S0I40!* 


.iO-85**972 


9-837869 


953 


908209 


865523177 


30-8706931 


9-840812 


954 


910116 


868250664 


30-886890+ 


9-844253 


955 


912095 


870983875 


30-90307*3 


9-847698 


956 


913936 


873722816 


30-9192+97 


9-851128 


957 


9158*9 


876467493 


30-935*166 


9-854Jai 


958 


91776+ 


879217912 


30-9515751 


9-857992 


959 


919681 


88197*079 


30-9677251 


9-86*421 


960 


y.'irioo 


8847:-;6000 


30-9838668 


9-861848 


961 


923521 


88750yiiai 


31-0000000 


9-868272 


962 


9&3444 


8902771^3 


31-01612*8 


9-87 1694 


96» 


927369 


8930563*7 


31-0322413 


9-8751 IS 


964 


929296 


8958413*4. 


310*83494 


9-878530 


9^5 


931225 


893682125 


31-0644491 


P-88I945 


966 


9331.56 


901428696 


31-0805405 


9-8853a7 


967 


935089 


904231063 


31-0966236 


9-888767 


968 


937094 


907039232 


31-1126984 


9-892174 


969 


93S961 


9098,53209 


31-128761-8 


9-895580- 


«70 


910900 


912673000 


31-14*8230 


9-898983 


971 


fM-28'1.1 


91 54986 1 1 


31-1608729 


9-902383 


972 


9i4784 


91833001.8 


31-1769145 


9-905781 


&73 


94G729 


921167317 


SI -1929479 


9-909177 


974 


948676 


92*010*2* 


31-2089731 


9-912571 


97S 


950625 


936859.''75 


31-2249900 


9-915962 


976 


9.i2576 


929714176 


31-2409987 


9-919351 


977 . 


95i5i29 


93257*833 


S1-25S9992 


9-922738 


97B 


9564.84 


9.':5i41352 


31-2729915 


9-926122 


979 


958441 


938313739 


31-9889757 


9-92950* 


98U 


9B04OO 


9*1192001 


31-30*9517 


9-93:^883 


981 


962361 


9440761*1 


31.3209195 


9-936261 


982 


96432* 


91-6966168 


31-3368792 


9-939636 ■ 


983 


9(ifi289 


949862087 


31-3528308 


9-943009 


984 


968236 


9527C3904 


81-3687743 


9-946379 


9S5 


970225 


955671625 


31-3847097 


9-9*9747 


986 


972196 


958585256 


31 -4006369 


9-953113 


987 


974169 


961501803 


31-4165561 


9-956477 


988 


9761*4 


96*430272 


31-432*673 


9-959839 


989 


9781 21 


967361669 


31-448370* 


9-963198 


990 


9S0100 


970299000 


31-46*96.')* 


9-966554 
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Number 


Square. 


Cube.- 


Square Eobt. 


Cvbe Boot. 


991 


982081 


973242271 


31-4801525 


9-96990Sr 


992 


984064 


976191488 


31-4960315 


9-973262 


993 


986049 


979146657 


31-5119025 


9-976612 


994 


988036 


982107784 


31-5277655 


9-979959 


995 


990025 


985074875 


31-5436206 


9*983304 


996 


9920I6 


988047936 


31-5594677 


9-986648 


997 


994009 


991026973 


31-5753068 


9-989990 


998 


996004 


994011992 


31-5911380 


9-993328 


999 


998001 


997002999 


31-6069613 


9*996665 



•• \ 
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(54) With regard to the making of 
patterns of cast iron shafts, I heg leave to 1^ 
refer tlie reader to what I have said in 



Essay I, page 153 to 161, relative to the 
mating of patterns for cast iron wheels, 
which is, in a great measure, applicable to 
those of shafts. Nor do I recollect any 
thing on this subject to add here — only I 
would remind the MillwrigJit to make the 
allowance for contraction of metal of ^ of 
an inch to the foot in the pattern. 

(35) The following table contains the 
dimensions of shafts subject to torsion, and 
to considerable lateral pressure, as they 
were executed by a respectable Millwright. 
It will serve to shew the sizes of the parts 
as found in practice sufficiently strong, 
and may be found useful to compare with 
those which would be produced, calculat- 
ing on the principles laid down in this '■ 
Essay. 



I 



Column 6th, therefore, shews the dia- 
meters which these journals ought to 
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have, were 400 used as the mnltlplier. — 

(See No. 21.) . 

TABLE OF SHAFTS. 





1 


2 


S 


4 


5 


6 




Name. 


1 


s. 

II 
1 ^ 


is 


"a 


% 

SM 

il 
= 6 


fill 


RemarkB. 






=5 





X 


Mil 




Cast Iron 


20 


20 


6 Inc. 


11 


71 


7,368 


Feathered 


Lying Shaft. 


IS 


22 


% 


a 


7 


6,889 


Shafts. 




16 


22 


10.6 


7 


6,621 






14 


24 


a 


10 


6J 


6,153 






12 


25 


5 


9.6 


6 


5,768 






10 


25 


4| 


9 


6i 


5,'!-28 






8 


27 


41 


9 


6 


4,904 






6 


28 


41 


8.6 


Si 


4,414 






5 


30 


s| 


8.6 


^1 


4,0C1 






4^ 


32 


sl 


8. 


3.484 






3 


34 


2| 


8. 


4 


1,203 


Square 




2 


46 


8. 


3 


2,802 


Shafts. 






40 


2 


8. 


3i 


2,154 




Malleable Iron 


6 


28 


3 


8.6 








LyiDg Shaft. 


5 


30 


3i 


8. 










4 


32 


2 


8. 










3 


34 


2 


8. 










2 

1 


36 
40 


!' 


8. 
7.6 









« I 



• I » 



APPENDIX. 



COHESIVE STRENGTH OF DIFFERENT METALS. 

!• ^* We shaU take for the measure of cohe- 
sion the number of pounds avoirdupois ^which 
are just Sufficient to tear asunder a rod or 
bundle of one inch square. From this it will 
be easyta compute the strength cotrespondin^ 
to any other dimension. 

«* igt, Metals. 

lbs. 

CM i. f 4O,00O 

^^^^^<^^^ ♦ • • -J 43,000 

* r Japan . 19,500 

I Barbary . . . . . 22,000 

Copper cast <{ Hungary . .... 31,000 

j Anglesea . . . . . 34,000 

t Sweden . . ... 37,000 



I 

I 



Iron bar 
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lbs. 

€ 42,00O 
I^^^cast \59fiOO 

Ordinary ..... 68,000 

Stirian . . ... . 75,000 

Best Swedish and Russian 84,000 
, Horse nails . . . . . 71,000 

rSoft 120,000 

Steel bar | Razor Temper ... 150,000 

{Malacca ...... 3,100 

Banca ^ . . . . . 3,600 

Block 3,800 

English block . . . . 5,200 

— ^ Grain . . . . 6,500 

Lead cast .......... 860 

Regulus of Antimony ...... 1,000 

Zinc 2,600 

Bismuth 2,900 

^ The only author who has put it ki our 
power to judge of the propriety cH^ his expe- 
riments is Muschenbroek. He has described 
his method of trial minutely, ^nd it seems 
unexceptionable. The woods werAall form- 
ed into slips fit for hi» apparatus, and part 
of the slip was cut . away to a parallelopiped 
pf Y of an inch square, and therefore i5 of a 



v- 



\\ 
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square inch in section. The absolute strength! 
of a square inch were as follow : . 





lbs. 




lbs. 


Locus tree 


20,100 


Pomegranate 


9,756 


Jujeb 


18,^00 


Lemon 


9,250 


Beech Oak 


lY,306 


Tamarind 


8,750 


Orange 


15,500 


Fir . 


8,330 


Alder 


13,900 


Walnut 


8,130 


Elm 


13,200 


Pitch Pine 


7,640 


Mulberry 


12,500 


Quince 


6,750 


Willow 


12,500 


Cypress 


6,000 


Ash 


12,000 


Poplar 


5,500 


Plum 


11,880 


Cedar 


4,880 


Elder 


18,000 







*^ Mr Muschenbroek has given a very nil*' 
tiute detail of the experiments^ on the ash and 
the walnut, stating the weights which were 
required to te^x asunder slips taken from the 
four sid^ csf the tree, and on each side in a 
regular progression from the centre to the cir- 
cumference. The numbers of this table cor- 
responding^ to these two timbers may therefore 
be considered as the average of more tlian 5Q 
trials made of each, and he says that all the- 
others were made with the same care. We 
cannot therefore see any reason for not con- 
fiding in the results ; yet they are considerably 
higher thrni those given by softie other writers. 

o 



:"\ 



134 An Essay on the Shafts ofMilh^ 

Mr Pitot says, on the authority of his own ex- 
periments, and of tJiose of Mr Parent, that 60 
pounds will just tear asunder a square line of 
sound oak, and that it will bear 50 with safety, 
This gives 8640 for the utmost strength of a 
square inch, which is much inferior to Mus- 
chenbroek's valuation. 

•* We may add to these 



Ivory 

Bone 

Horn 

Whalebone 

Tooth of sea calf 



I6,28q 
5,250 
8,860 
8,50Q 
4,075 



** The reader will surely observe that these 
numbers express something more than the ut- 
most cohesion; for the weights are such as will 
very quickly, that is, in a minute or two, tear 
the rods asunder. It may be said in general 
that two thirds of these 1«reights will sensibly 
impair the strength after a considerable while ; 
and that one half is the utmost that can remain 
suspended at them without risk for ever ; and 
it is this last allotment that the engineei: should 
reckon upon in his constructions. There i» 
however a coQsiderable difference in this re- 
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speot. Woods of a very stra^ht fibre, such at 
fir, will be less impaired by any load which is 
not su£Scient to break them immediiltely." 



« (2) According to Mr Emerson, the load 
which may be safely suspended to sm inch 
square is' as follows : ' 

lbs. 

76,400 

35,600 

I9j600 

15,700 

7,850 

6,070 

5,3^ 

5,000 

4,760 

4,290 

430 

914 



Iron 

Brass 

Hempen rope 

Ivory 

Oak, box, yew, plum-tree 

Elm, ash, beech 

Walnut, plum • 

Red fir, holly, elder, plane. 

Cherry, hazle . 

Alder, asp, birch, willows 

Lead ■ -■ ■ . 

Freestone « 



crab 



*^ He ^yes us a practical rule, that a cylin- 
der whose diameter is d inches,, loaded to one 
fourth of its ^solute strength, will carry at 
follows: 

Iron ... 135 

Good rope .22 

Oak • . . 14 

Fir, • . . . 9 



Cwt. 



I 
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" The rank which the different woods hold 
in tliis list of Mr Emerson's is very different 
from what we find in Muschenbroek's. But 
precise measm"es must not be expected in tliis 
matter. It is wonderful that in a matter of 
such unquestionrU^ importance the public has 
not enabled some p|rsons of judgment to make 
proper trials. They are beyond the abilities 
of private persons*. 

" (3) Mr Banks (powers of machines, &c. 
p. 94) takes iron at an average to be four times 
as strong as oak, and 3i timea as strong as deal 
or fir. 

" (4) According to the experiments of va- 
rious authors, the cohesive strength of a 
square inch of razor steel is about 150 tbou. 
sand pounds, of soft steel, 1 20, of wrought 
iroti 80, of cast iron 50, of good rope 20, of 
oak, beecli, and willow wood, in the direc- 
tion of their fibres 12, in fir 8, and of lead 
about three thousand pounds ; the cohesive 
strength of a square inch of bricks 300, and of 
freestone 200 ; teak wood, the tectona gran- 
dis, is said to be still stronger than oak. 

*' The strength of different materials in re- 
sisting compression, is liable to great variation. 



i 
i 



• En, Brit. Art. Strength of Muleriali. 
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In steel and in willow wood, the cohesive and 
repulsive strength appear to be nearly equal. 
Oak will suspend much more than fir, but fir 
will support twice as much as oak, probably 
on account of the curvature of the fibres of 
oak. Freestone has been found to support 
about 2000 pounds for each square inch ; oak, 
in some practical cases, more than 4000. 

" The strongest wood of each tree is nei- 
ther at the centre nor at the circumference, 
but in the middle between both ; and in Eu- 
rope it is generally thicker and firmer on the 
south-east side of the tree. Although iron is 
much stronger than wood, yet it is more Hable 
to accidental imperfections ; and when it fails 
it gives d6 warning of its approaching fracture. 
The equable equality of steel may be ascertain- 
ed by corrosion in an acid, but there is no 
easy mode of detecting internal flaws in a bar 
of iron, and we can only rely on the honesty 
of the workmen for its soundness. Wood, 
when it is coupled, complains, or emits a sound, 
and after this, although it is much weakened, it 
may still retain strength enough to be of ser- 
vice*." 




' YaiiDg's Nat. Phil. Vol. I. p. l.'il 
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The following Letter, with which Mr John 
lloBEHTON, engineer, favoured me, as it re- 
lates to the subject of tliis Essay, and con- 
tains much useful matter, will, I hope, be ac- 
ceptable to the reader ; — 



Dear Sir, — In answer to your's, of the 
7th, I shall throw out a few hints, which oc- 
cur to me respecting the stress on gudgeons» 
shafts, &c. It is demonstrable, that by a ju- 
dicious arrangement of wheels and pinions, 
in many cases much of the stress and friction 
may be avoided. This is a doctrine in prac- 
tical mechanics of very great ivnportance, 
when we consider, that in many cases almost 
the whole of the impelUng power is expended 
in overcoming the friction of the machinery, 
, (1) — Let A, Fig. 1st, be an overshot water- 
wheel. Let the line a b, represent the line of 
direction of the centre of gravity of" the water 
in the buckets. On the eixtremity of this wheel 
let there be a toothed wheel acting into the 
pinion B. It is obvious, that independently 
of the weight of the wheel, that the whole 
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weight of the water will be supported by tlie 
axis C, and the teeth of the wheel at d ; and 
the weight which each wilt sustain, will be in 
the ratio of € e to e rf. That is, the weight oa 
the gudgeon will he as the distance ed, 
while that on the teeth will be as c e ; or if 
the radius of the toothed wheel were e e, the 
teeth would sustain the whole weight of the 
water, leaving no weight on the gudgeon but 
that of the wheel. Again, let the wheel B, 
be removed to Cj it is evident that the 
gudgeon c, would have to sustain the weight 
of the water, and a great deal more. That is, 
the weight on the gudgeon would be increased 
as e to e c ; so that it is evident, the stress 
and friction of the gudgeon must depend, in a 
great measure, on the size of the toothed 
wheel attached to the water wheel, and to the 
situation of the pinion B. 
(2) — Again, let there be a wheel at A, Fig. 2d', 
fixed on the end or middle of a shaft working 
into the wheel or pinion B, of any size. — Let 
the teeth move in the direction a b. It is 
evident, that the gudgeon or shaft will tend 
to move in the contrary direction, that is, in 
the direction c d, and With the very same, force 
that the teeth a^ts upon each other, as action 
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and re-action are equal and in contrary direc- 
tions, and for the saitie reason, the gudgeon 
of the wheel B^ will tend to move in the di- 
rection efj with the very same fcnrc^ that is, 
the same force as the action of the teeth on 
each other. Indeed, in any single pair of 
wheels, of whatever form or constructiim, fte 
tendency to break or bend the shaft, or cause 
friction, is the same as the action of the teeth 
on each other. 

Now, if the above wheels were made o^ a 
double size, it is evident that the acting powo: 
on them would be only one half, and cons^ 
quendy, one half of the strain to bi^eak ^e 
shaft or cause friction. 
(S)-t-In the case of an intervening wheel, the 
force or tendency 'to break the shaft depends 
on the situation of such interv«iing wheel. 
Thus, if it be placed in a direct line betwixt 
the centres of the conducted and conductinjr 
wheels, as at A, Fig. Sd, the shaft or gud- 
geon will tend to move in the line ah or ba^ 
(according to the direction of the conduc- 
tor) with double the force of the actioil of 
the teeth. 

If the axis of the intervening wheel form a 
right an^e with the axis of the other two 
wheels, the force to break the shaft vnXi be to 
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that of a pair of single wheels, or the action 
of the teeth on theni, as the diagonal of a 
square is to one of its aides. That is, the di- 
rection of the force, and its intensity, will be 
represented by the diagonal, it being evident, 
fi'ora the well-known laws of mechanics, that 
by the action of tlie wheel B, Fig. 4, No. 1 , the 
centre oi the intervening wheel A, would tend 
to move in the line a c, and by its action in the 
wheel e, it would tend to move in the line a d. 
Let a rf and a c represent the forces in these 
directions, complete the square or paralleio- 
gram, the diagonal u£ which will both repre- 
sent the force and its direction. See also Fig. 
4, No. 2, and No. 3. 
(4) — On the other hand, if a wheel be placed be- 
twixt two others, as A, Fig. 3, where A is tlie 
conductor, the teeth of which acts with equal 
force on each of the wheels B and C, it Is evi- 
dent, that the strain is wholly taken oft' the 
shaft, the forces being equal and opposite each 
other; and in Fig. 5, where A is supposed the 
conductor, and B and C the conducted wlieels 
on which the teeth on each bear equally, 
—it is plain from what has been already stated, 
that the direction of the forces will be da and 
flc, and letting a d and ac represent the di- 
rection and intensity of these forces, and com- 



142 An Essay on the Shafts of Mills. 



pleating the parallelogram, we have the diagtf- 
nal a b to represent the compound direction 
and intensity of the force. 
(5) — There is anotlier point that is worthy of at- 
tention. That is, the place on the shaft where 
tlie wheels are fixed. If a wheel is put on at 
the end of a shaft to drive any other or others, 
it is clear, that the whole or nearly the whole 
of the stress will be at the end of the shaft or 
journal. If the wheel be placed in the middle 
of thu shaft, the strain to break it will be great- 
est at that part, but the force will be resisted 
equally by each journal. Indeed, on what- 
.ever part of the shaft a wheel is placed, at that 
very place is the greatest strain on the shaft, 
and the force on each journal will be in the 
inverse ratio of the distance of the wheel front 
the ends of the shaft. 

In Fig. 6, let A represent a shaft, either 
upright or lying. If a single wheel, as B« 
fixed upon it, drive two pinions, as C D, di- 
rectly opposite to each other, the shaft or jour- 
nal will not be affected thereby — but if two 
wheels are placed on the shafl, driving each a 
pinion as in Fig. 7, both journals will be af- 
fected, and the greatest strain to break the 
shaft will be at the arms of the wheel, or close 
to them, and betwixt the arms and journal. In 
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tiiis case, the midille point of the shaft, as at A, 
being in a state of contrary pressure, and 
therefore no strain on that part, it may be con- 
sidered as a lever on each side of A ; this be- 
ing the fixed point, and the greatest strain on 
the shaft being at the wheels. Tlie sti-ain on 
the journal will be inversely, as the distance 
of the wheels from the middle point A, it be- 
ing understood that the wheels, pinions and re- 
sistances are all the same. 
(6) — Again, if two wheels are placed on a 
shaft, and two pinions, both on the same side 
of the shaft, the journals must support the 
strain or force of the action of the teeth of 
both wheels, or indeed whatever number of 
wheels is on a shaft ; and working into pinions 
on one side, the journal of that shaft must 
support a pressure equal to the whole of their- 
action into the teetli of the wheels, or pinions 
into which they are connected; and the strain 
on the shaft to break it, depends on the situ- 
ation of tiie wheels, as they may be placed on 
the shaft: It being understood, as formerly, 
that directly at thu place where the wheels or 
pinion is fixed on the shaft, that it must sup- 
port a pressure equal to the pressure of the 
teeth of the wheel in its corresponding wheel 
or pinion. And according as these pressures 
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combine, or act in a contrary direction to each 
other, so must the strain on the journals, or 
tendency to break or bend the shaft, be. 

Hence tlie importance of placing wheels 
and pinions, so that their actions on each 
other may be in contrary directions, or so as 
to avoid, as ranch as possible, the strain on the 
shaft or journals. 

(7) — In lying shafts, where circumstances may 
require, it may be advisable to have the main 
or heaviest shaft on the lift of the wheels, as 
this will take off' a considerable deal of their 
weight or friction on the journals. The other 
shaft will naturally be on the fall of the wheel 
(which is supposed in this case much lighter 
than on the main shaft), and will be prevented 
from jolting upwards, both its own weight, 
ancT a pressure equal to that on the teeth of 
the wheels, being supported by the journals: 
It being evident that whatever the wheels are, 
that the same pressure that is on the teeth of 
the wheel? will be equally the same on both 
shafts, the one tending to increase the weight 
of the shaft on the journals, and the other to 
diminish it. 

(S)— In the coui'se of my business, I haye madt 
several obserxations on the foregoing subjects. 
Twenty vear?! ago, a case of this nat«re occur- 









red| of considerable importance at the flour 
mill erected near the olitt Millk of Partick* 
The water wheel, 16 feet diaineter, makes a- 
bout 10 or 11 revolutions per minute^ driving, 
in general, two pair of stones ; the pit wheel 
about 64 feet diameter. The consequence 
was^ that the machinery, framing, &c. were 
not of sufficient strength to bear^ the force ap- 
pUtd by the pit wheels (though they were very 
itroilg, atid well executed for ordinary cases), 
tiie shaft, framing, &c. was^ in a high state of 
tremoiir, the m&chinery working in a rough 
and straining manner, and the wooden teeth 
(5 ipijChes broad, pitch about 4i), could not 
stand for any length of time. The mill was 
alteted, by enlarging the pinion, to let the 
wheel run at 14 or 15 turns per minute ; and 
I believe the pit wheel enlarged about one 
fi)ot diameter ; afterwards the mill wrought 
very well* . 

In common corn-mills, and many others, 
there is a great deal of the impelling power 
lost by the smallness of the pinions, &c. which 
causes a great friction on the shaft 6r spindle, 
as well as by the friction of the teeth. Were 
both wheel and pinion encreased in diameter, 
much advantage would arise, not only in sav- 
ing of power, but in the tear and wear of ma- 
chinery. It is on this account that a corn 
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mill, constructed in the double way, other cir- 
cumslitncea being the same, performs much 
more work than in the single way. 
(10) — In short, more things of this nature take 
place in machinery, than the most of operative 
mechanics, or even philosophers, are aware of; 
and I firmly believe, that, with a knowledge 
of the afl'ecting causes, a vast deal might be 
done in saving power. For example, in a cot- 
ton mill, the main shaft generally makes from 
40 to 50 revolutions per minute. Let the 
weight of the shafts and machinery, the size 
of the journals, and the eflect of the wheels 
on these shafts, and friction of journals, be ta- 
ken into the account, on the one case, and let 
the main shaft be supposed to be reduced to 
half of the former velocity, that is, from 20 to 
'21) turns per minute, and let the strength of 
the shaft, together with a due proportion of 
wheels, be augmented, so as to preserve the 
same firmness in every part of the machinery 
as in the former, and that the ultimate part of 
the machinery may be brought to the same 
speed as formerly, it will be found on investi- 
gation, that in the last case there will be a 
considerable saving in the iirst, or impelling 
power. 

It must not be lost sight of, that, by reducing 
the velocity of the raainsliaft, tliat a judicious 
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{.i^CFQase of the /diameters of the wheels there- 
gn is absolutely necessary s Jodeed, witliout 
strict attention to matters of that kind, tlie ef- 
feet of any alteii^tipn that may be proposed or 
made is very precs^rious. A due regard to the 
proper diameter pf wheels, according to the 
work they have to perform, is k matter of 
very great importance ; and it \yill be found, 
Qn general enquiry, that in most cases of ma-? 
chinery, it would be prudent to have thQ 
yhe^s and pinions of large diame« ej* ; and, as 
I said before, by encreasing their size, the 
force, strain, and friction on the shafts and 
jpumals are diminished in the same ratio. 
. Suppo^, in a mill, that a range of ly-^ 
ing sha^, qf 80 or 100 feet long togetlier, 
with wheels, &c. fixed on them, weighed 
7000lbs J the journals 4 inche§ diameter, mak- 
ing 46 turns per minute, the surface of the 
journal would at that rjj^te move at about 50 
feet per jminute ; and supposing that the fric- 
tion was equal to one-t)iird of the weight, we- 
would have 7000-^- 3== 2333 + 50= 1 j 6650-^ 
42000 == 2.77 ; that is 2| horses power ex- 
pended in overcoming the friction of these. 
shafls*. 

* That is, valuing the horse's power at 42000lbs. 1 foot 
per minute. 'See Essny on Teeth of Wheels, page 130— 
134. 



148 An Essay on the Shafts of Mills. 

Again, were these shafts and journals ex- 
tended to 5 inches diameter, and their num- 
ber of turns reduced to one half of the former ; 
that is, to 23 turns per minute, the surface of 
the journal would move at the rate of 31 feet 
per minute, and the weight of the wheel and 
shafts encreased one half, or say, to lO.OOOlbs. 
we would have 10,000-^3=33.33 + 31=: 
103323 -|-42.000 = 2.46, that is, nearly 2i 
horses power} so that in this last case there 
would be a saving of something more than 
three-tenths of a horse's power, and the ma- 
chinery would be, in every respect, improved. 
(1 1 ) — In a horse-gin, where a pinion is driven by 
a toothed wheel on the gin, the friction, or 
strain on the journals, depends on the situa- 
tion of the horse-beam, at any moment of 
time when the lever or horse-beam is above 
or below the pinion, tlie friction on the shaft 
will be the least, and when in the opposite di- 
rection, .the friction and force on the shaft will 
be the greatest, and the general friction will 
be as the size of the main wheel \ that is, the 
smaller the main wheel is, the friction and 
force on the shaft will be the greater, and the 



larger tliis wheel is, the friction, &c. will be 
(he less ; it being understood that I mean the 
? gudgeon, or axle, on 



friction or strain on t 
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account of the re-action of the teeth of the 
wheel, and not the strain on the shaft, to twist 
it, nor any other friction or strain whatever. 
(12) — In a water-wheel turning inachinery,in ma- 
ny cases, it is most advisable to have the tooth- 
ed wheel of the same diameter. In this case, 
whatever powpr or force is applied to the wheel, 
the same must be resisted by the teeth of the 
wheel ; and it also follows, of course, that 
whatever is the size of the wheel, or pinion 
which is driven by the main wheel, that the 
very same strain is on the shaft ; that is, the 
same as on the teeth ; and the shaft must be 
sufficiently strong to withstand the pressure. 
But another circumstance occurs, that by in- 
creasing the size of the pinion, there must ne- 
cessarily be increase of the diameter of the 
shaft to withstand the twist. The shaft by no 
means, however, keeps pace with the augmen- 
tation of the wheels, but is only as the cube- 
root ; for instance, a water-wheel of 1 6 feet 
diameter would work very ill into a pinion of ! 2 
inches, suppose its shaft or jtfiirnal to be 3 inches 
diameter : Again, let the pinion be increased 
to 2 feet diameter, a shaft of 3|- inches will be 
as sufficient to withstand the twist, the fric- 
tion on the journals will be much less, and the 
strength to resist the strain will also be much 
increased. I do not see how general rules can 
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be laid down with s 



I accuracy in these things. 
It is the particular circumstance of the case 
that will guide a mechanic in the constructioD 
of any piece of machinery ; and it' he be not 
well acquainted with these^ it cannot be ex- 
pected that his schemes will be well arranged. 

The above observations are no, doubt at va- 
riance with the opinions of those who are con- 
tinually holding up the simplification of machi- 
nery ; Instance Mr Fenwick's " Essay on the 
SimpUfication of Machinery." In many cases 
it ie prudent to make machinery of a more 
complex nature than it is sometimes construct- 
ed ; and in order that it may be easier driven, 
tJiat the tear aud wear may be lessened, as weU 
as the ultimate expence and trouble of attend- 
ing it. 

The foregoing are only a few general hints. 
To go minutely into the subject would require 
more time and thought than I could at present 
bestow, but if any thing is in them from which 
you may draw any useful inference, it will be 
very agreeable to me. I am, Sir, your's re- 
spectfully, JOHN HOBEllTON. 

T«4i>EST0wN, Glasgow, V 

^.^ i^h Sept. iao9. f ^ 
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"^saj to which Mr Robertcm in the 

^ alludes, Mr Fenwick infers^ v 

' most perfect machine is Aat 
^zvest moving par t$.^* But 
avfe been misled here 
ze. Simplicity is, no 
.ole quality in a machine, 
c* obtained without making a 

jF or of durability. A sledge 

mg parts, and in that sense is 

. than a wheel-carriage, yet no one 

.1 could say that a sledge is more per* 

or, perhaps, does the wnpUdty of a ma* 
.me consist strictly in having few moving 
parts* If the parts of a machine be few, they 
are perhaps more easily taken in by the eye at 
one view, which may make them more easily 
comprehended by the mind, and in that sense 
be more simple. But in machinery, the kind 
of simplicity at which we ought to aim, has 
more regard to the manner of action than to 
the number of the moving parts. Thus, for ex- 
ample, when a weight is to be raised, if one 
wheel worked by a screw be employed, the 
machine consists of Jewer parts than two wheels 
and two pinions, applied to the same purpose. 
But in this last case, the manner of action ii 
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really more simple ; for the action and resist- 
ance are directly opposed m the same line j 
whereas, in the case of the screw, the action is 
ob^que, and experience i^ews that it has much 
more friction, and much les^ durability. 

What is here said of manner of action is ap- 
plicable ia comparing macbities, consisting 
each of trains of wheels and pinions ; for th^ 
most durable, by longest maintaining the true 
%ure of the teeth, will ultimately be the most 
simple )i| the manner of its action. • It is evi- 
dent, that«when the teejth become much worn, 
that the maimer qf actum becomes proportion? 
ably a)0|:e oblique and l^ss simple, 

Ileq)ecting the durability of the wheel-work 
oif mills, I beg leave to refer the reader to my 
Essay on the Teeth of Wheels, p. 121. 
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